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(54) VALVE DEVICE

(57)  [Object] To provide a valve device capable of
suppressing refrigerant leakage and a reduction in cool-
ing efficiency and reducing noise caused by refrigerant
flow.

[Solution] A valve device (5) is used in an air condi-
tioning device (1). The valve device (5) includes a valve
body (100) including refrigerant passages and valve units
mounted on or in the valve body (100). The refrigerant
passages include a high-temperature refrigerant pas-
sage through which high-temperature refrigerant flows,
a medium-temperature refrigerant passage through
which medium-temperature refrigerant with a lower tem-
perature than the high-temperature refrigerant flows, and
a low-temperature refrigerant passage through which
low-temperature refrigerant with a lower temperature
than the medium-temperature refrigerant flows.
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Description
Technical Field

[0001] The present invention relates to a valve device
used in a refrigeration cycle device.

Background Art

[0002] Patent Literature 1 discloses a refrigeration cy-
cle device according to the related art. The refrigeration
cycle device in Patent Literature 1 includes a refrigerant
circuit switcher including a first on-off valve, a second on-
off valve, and a third on-off valve. The refrigerant circuit
switcher switches between a first circuit and a second
circuit. In the first circuit, refrigerant flowing out of an in-
door condenser flows through a receiver drier, a heating
expansion valve, and an outdoor heat exchanger, in this
sequence. In the second circuit, refrigerant flowing out
of the outdoor heat exchanger flows through the receiver
drier, a cooling expansion valve, and an indoor evapo-
rator, in this sequence. In the refrigeration cycle device,
the receiver drier is arranged upstream of the heating
expansion valve in the first circuit and upstream of the
cooling expansion valve in the second circuit. The receiv-
er drier stores an excess of liquid-phase refrigerant con-
densed in the indoor condenser. This enables refrigerant
flowing out of the outdoor heat exchanger, acting as an
evaporator, or the indoor evaporator to be superheated.

Citation List
Patent Literature

[0003] PatentLiterature 1: Japanese Unexamined Pat-
ent Application Publication No. 2020-176824

Summary of Invention
Technical Problem

[0004] In the refrigeration cycle device described
above, the indoor condenser, the first on-off valve, and
the second on-off valve are connected via a three-way
joint and pipes. The receiver drier and other components
are also connected in the same or a similar manner. As
aresult, the refrigeration cycle device has many connect-
ing points, increasing the possibility of refrigerant leak-
age. In addition, the components of the refrigeration cycle
device are connected via the three-way joint and the
pipes, increasing the size of the refrigeration cycle de-
vice.

[0005] The connecting points can be reduced by incor-
porating, in the refrigeration cycle device, for example, a
valve device that includes a valve body with refrigerant
passages and valve units, mounted on or in the valve
body, for changing the passage areas of the refrigerant
passages. Fig. 41 illustrates an example of the valve de-
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vice.

[0006] A valve device 905 illustrated in Fig. 41 is in-
stalled in an air conditioning device 901 that serves as a
refrigeration cycle device. The valve device 905 includes
a valve body 910. The outer surface of the valve body
910 has afirstindoor-side opening 911, a second indoor-
side opening 912, a third indoor-side opening 913, a first
outdoor-side opening 914, a second outdoor-side open-
ing 915, a first intermediate opening 916, and a second
intermediate opening 917.

[0007] The valve body 910 includes a first refrigerant
passage 921, a second refrigerant passage 922, a third
refrigerant passage 923, a fourth refrigerant passage
924, a fifth refrigerant passage 925, and a sixth refriger-
ant passage 926. The first refrigerant passage 921 con-
nects the first indoor-side opening 911 and the second
intermediate opening 917. The second refrigerant pas-
sage 922 connects the first indoor-side opening 911 and
the second outdoor-side opening 915. The third refriger-
ant passage 923 connects the firstintermediate opening
916 and a connecting point 922c of the second refrigerant
passage 922. The fourth refrigerant passage 924 con-
nects the first outdoor-side opening 914 and the second
intermediate opening 917. The fifth refrigerant passage
925 connects the first intermediate opening 916 and the
second indoor-side opening 912. The sixth refrigerant
passage 926 connects the first outdoor-side opening 914
and the third indoor-side opening 913. The second re-
frigerant passage 922 includes a first passage part 922a
between the first indoor-side opening 911 and the con-
necting point 922c¢, and a second passage part 922b be-
tween the second outdoor-side opening 915 and the con-
necting point 922c.

[0008] The valve device 905 includes a first on-off
valve unit 930, a second on-off valve unit 940, a third on-
off valve unit 950, a flow control valve unit 960, a first
check valve unit 970, and a second check valve unit 980.
These valve units are mounted on or in the valve body
910.

[0009] The first on-off valve unit 930 can open and
close the first refrigerant passage 921. The second on-
off valve unit 940 can open and close the first passage
part 922a of the second refrigerant passage 922. The
third on-off valve unit 950 can open and close the sixth
refrigerant passage 926. The flow control valve unit 960
can change, in a stepless manner (including a substan-
tially stepless manner), the passage area of the second
passage part 922b of the second refrigerant passage
922. The first check valve unit 970 allows refrigerant to
flow in the third refrigerant passage 923 from the first
intermediate opening 916 to the second refrigerant pas-
sage 922 and restricts refrigerant from flowing in the third
refrigerant passage 923 from the second refrigerant pas-
sage 922 to the first intermediate opening 916. The sec-
ond check valve unit 980 allows refrigerant to flow in the
fourth refrigerant passage 924 from the first outdoor-side
opening 914 to the second intermediate opening 917 and
restricts refrigerant from flowing in the fourth refrigerant
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passage 924 from the second intermediate opening 917
to the first outdoor-side opening 914.

[0010] The first indoor-side opening 911 is connected
to a discharge port of a compressor 30 via an indoor
condenser 40. The second indoor-side opening 912 is
connected to a flow control valve 70 that serves as a
cooling expansion valve. The flow control valve 70 is con-
nected to an inlet of the indoor evaporator 50. An outlet
of the indoor evaporator 50 is connected to a suction port
of the compressor 30. The third indoor-side opening 913
is connected to the suction port of the compressor 30.
The first outdoor-side opening 914 is connected to an
outlet of an outdoor heat exchanger 60. The second out-
door-side opening 915 is connected to an inlet of the
outdoor heat exchanger 60. The first intermediate open-
ing 916 is connected to an outlet of a receiver drier 20.
The second intermediate opening 917 is connected to
an inlet of the receiver drier 20.

[0011] In a cooling operation mode, the first on-off
valve unit 930 closes the first refrigerant passage 921,
the second on-off valve unit 940 opens the first passage
part 922a, the flow control valve unit 960 maximizes the
passage area (fully open state) of the second passage
part 922b, and the third on-off valve unit 950 closes the
sixth refrigerant passage 926. In the cooling operation
mode, refrigerant flows through the compressor 30, the
indoor condenser 40, the second refrigerant passage 922
(the second on-off valve unit 940 and the flow control
valve unit 960), the outdoor heat exchanger 60, the fourth
refrigerant passage 924 (the second check valve unit
980), the receiver drier 20, the fifth refrigerant passage
925, the flow control valve 70, and the indoor evaporator
50 in this sequence and then returns to the compressor
30. Arrows in Fig. 41 schematically illustrate the flow of
refrigerant.

[0012] In the cooling operation mode, high-tempera-
ture refrigerant flowing out of the indoor condenser 40
flows through the second refrigerant passage 922 and
the fourth refrigerant passage 924. Medium-temperature
refrigerant flowing into the flow control valve 70 flows
through the fifth refrigerant passage 925. Therefore, the
temperature of the valve body 910 increases due to high-
temperature refrigerant flowing through the second re-
frigerant passage 922 and the fourth refrigerant passage
924, which may cause medium-temperature refrigerant
flowing through the fifth refrigerant passage 925 to be
heated. As a result, the cooling efficiency of the air con-
ditioning device 901 may be reduced, or noise may be
caused when medium-temperature refrigerant flows
through the flow control valve 70.

[0013] Accordingly, itis an object of the presentinven-
tion to provide a valve device capable of suppressing
refrigerant leakage and a reduction in cooling efficiency
and reducing noise caused by refrigerant flow.

Solution to Problem

[0014] To achieve the object described above, a valve
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device according to the present invention is a valve de-
vice used in arefrigeration cycle device. The valve device
includes a valve body including refrigerant passages and
valve units mounted on or in the valve body. The refrig-
erant passages include a high-temperature refrigerant
passage through which high-temperature refrigerant
flows, a medium-temperature refrigerant passage
through which medium-temperature refrigerant with a
lower temperature than the high-temperature refrigerant
flows, and a low-temperature refrigerant passage
through which low-temperature refrigerant with a lower
temperature than the medium-temperature refrigerant
flows.

[0015] Inthe presentinvention, preferably, an outlet of
the low-temperature refrigerant passage is adjacent to
an outlet of the medium-temperature refrigerant pas-
sage.

[0016] Inthe presentinvention, preferably, an outlet of
the low-temperature refrigerant passage is between an
outlet of the medium-temperature refrigerant passage
and an outlet of the high-temperature refrigerant pas-
sage.

[0017] Inthe presentinvention, preferably, a minimum
distance between the low-temperature refrigerant pas-
sage and the medium-temperature refrigerant passage
is shorter than a minimum distance between the high-
temperature refrigerant passage and the medium-tem-
perature refrigerant passage.

[0018] In the present invention, preferably, a heat ex-
change mechanism facilitating heat exchange between
refrigerant flowing through the low-temperature refriger-
ant passage and the valve body is provided in the low-
temperature refrigerant passage.

[0019] Inthe presentinvention, preferably, the heat ex-
change mechanism includes grooves formed on an inner
surface of the low-temperature refrigerant passage.
[0020] Inthe presentinvention, preferably, the heat ex-
change mechanism includes a heat exchange member
having a cylindrical shape. Preferably, an outer periph-
eral surface of the heat exchange member is in close
contact with an inner surface of the low-temperature re-
frigerant passage, and refrigerant flows inside the heat
exchange member. Preferably, the heat exchange mem-
ber has a higher thermal conductivity than the valve body.
[0021] In the present invention, preferably, the refrig-
eration cycle device includes acompressor and an indoor
condenser arranged downstream of the compressor.
Preferably, the high-temperature refrigerant passage is
connected to an outlet of the indoor condenser. Prefer-
ably, the low-temperature refrigerant passage is con-
nected to a suction port of the compressor.

[0022] In the present invention, preferably, the refrig-
eration cycle device or the valve device includes an ex-
pansion valve. Preferably, the medium-temperature re-
frigerant passage is connected to the expansion valve.
[0023] In the present invention, preferably, the valve
body includes an outer surface having a first indoor-side
opening, a second indoor-side opening, a third indoor-
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side opening, a fourth indoor-side opening, a first out-
door-side opening, a second outdoor-side opening, a first
intermediate opening, and a second intermediate open-
ing. Preferably, the refrigerant passages include a first
refrigerant passage connecting the first indoor-side
opening and the second intermediate opening, a second
refrigerant passage connecting the first indoor-side
opening and the second outdoor-side opening, a third
refrigerant passage connecting the first intermediate
opening and the second refrigerant passage, a fourth
refrigerant passage connecting the first outdoor-side
opening and the second intermediate opening, a fifth re-
frigerant passage connecting the first intermediate open-
ing and the second indoor-side opening, a sixth refriger-
ant passage connecting the first outdoor-side opening
and the third indoor-side opening, and a seventh refrig-
erant passage connecting the fourth indoor-side opening
and the third indoor-side opening. Preferably, the second
refrigerant passage includes afirstpassage partbetween
the first indoor-side opening and a connecting point to
which the third refrigerant passage is connected, and a
second passage part between the second outdoor-side
opening and the connecting point. Preferably, the valve
units include a first on-off valve unit configured to open
and close the first refrigerant passage, a second on-off
valve unit configured to open and close the first passage
part ofthe second refrigerant passage, a third on-off valve
unit configured to open and close the sixth refrigerant
passage, a flow control valve unit configured to change,
in a stepless manner, a passage area of the second pas-
sage part of the second refrigerant passage, a first check
valve unit that allows refrigerant to flow in the third refrig-
erant passage from the first intermediate opening to the
second refrigerant passage and restricts refrigerant from
flowing in the third refrigerant passage from the second
refrigerant passage to the firstintermediate opening, and
a second check valve unit that allows refrigerant to flow
in the fourth refrigerant passage from the first outdoor-
side opening to the second intermediate opening and
restricts refrigerant from flowing in the fourth refrigerant
passage from the second intermediate opening to the
first outdoor-side opening. Preferably, in a heating oper-
ation mode, the first refrigerant passage serves as the
high-temperature refrigerant passage, the third refriger-
ant passage serves as the medium-temperature refrig-
erant passage, and the sixth refrigerant passage serves
as the low-temperature refrigerant passage. Preferably,
in a cooling operation mode, the second refrigerant pas-
sage and the fourth refrigerant passage each serve as
the high-temperature refrigerant passage, the fifth refrig-
erant passage serves as the medium-temperature refrig-
erant passage, and the seventh refrigerant passage
serves as the low-temperature refrigerant passage. Pref-
erably, in the heating operation mode, the first on-off
valve unit opens the first refrigerant passage, the second
on-off valve unit closes the first passage part, the flow
control valve unit opens the second passage part and
controls the passage area of the second passage part
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into a size capable of expanding refrigerant, and the third
on-off valve unit opens the sixth refrigerant passage.
Preferably, in the cooling operation mode, the first on-off
valve unit closes the first refrigerant passage, the second
on-off valve unit opens the first passage part, the flow
control valve unit opens the second passage part and
controls the passage area of the second passage part
into a size that inhibits expansion of refrigerant, and the
third on-off valve unit closes the sixth refrigerant pas-
sage.

[0024] Inthe presentinvention, preferably, the third in-
door-side opening is adjacent to the second indoor-side
opening.

[0025] Inthe presentinvention, preferably, the third in-
door-side opening is between the second outdoor-side
opening and the second indoor-side opening.

[0026] In the present invention, preferably, the refrig-
eration cycle device includes a compressor, an indoor
condenser arranged downstream of the compressor, an
outdoor heat exchanger, a flow control valve, and an in-
door evaporator arranged downstream of the flow control
valve. Preferably, the valve device includes a receiver
drier. Preferably, the firstindoor-side opening is connect-
ed to on outlet of the indoor condenser, the second in-
door-side opening is connected to the flow control valve,
the third indoor-side opening is connected to a suction
port of the compressor, the fourth indoor-side opening is
connected to an outlet of the indoor evaporator, the first
outdoor-side opening is connected to an outlet of the out-
door heat exchanger, the second outdoor-side opening
is connected to an inlet of the outdoor heat exchanger,
the first intermediate opening is connected to an outlet
of the receiver drier, and the second intermediate open-
ing is connected to an inlet of the receiver drier.

Advantageous Effects of Invention

[0027] The valve device according to the present in-
vention includes the valve body including the refrigerant
passages and the valve units mounted on or in the valve
body. This enables refrigerant leakage at connecting
points of refrigerant passages and connecting points of
the refrigerant passages and the valve units to be sup-
pressed while reducing the number of connecting com-
ponents. The refrigerant passages of the valve body in-
clude the high-temperature refrigerant passage through
which high-temperature refrigerant flows, the medium-
temperature refrigerant passage through which medium-
temperature refrigerant with a lower temperature than
high-temperature refrigerant flows, and the low-temper-
ature refrigerant passage through which low-tempera-
ture refrigerant with a lower temperature than medium-
temperature refrigerant flows. Therefore, low-tempera-
ture refrigerant flowing through the low-temperature re-
frigerant passage can suppress the temperature of the
valve body from increasing. Compared with a configura-
tion with a valve body thatincludes only high-temperature
and medium-temperature refrigerant passages, the heat-
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ing of medium-temperature refrigerant by high-tempera-
ture refrigerant through the valve body can be inhibited.
As aresult, refrigerant leakage and a reduction in cooling
efficiency can be suppressed, and noise caused by re-
frigerant flow can be reduced.

Brief Description of Drawings
[0028]

[Fig. 1] Fig. 1 is a diagram illustrating a schematic
configuration of an air conditioning device including
a valve device according to an embodiment of the
present invention.

[Fig. 2] Fig. 2 is a diagram illustrating a flow of refrig-
erant of the air conditioning device in Fig. 1 in a heat-
ing operation mode.

[Fig. 3] Fig. 3 is a diagram illustrating a flow of refrig-
erant of the air conditioning device in Fig. 1 in a cool-
ing operation mode.

[Fig. 4] Fig. 4 is a diagram illustrating a flow of refrig-
erant of the air conditioning device in Fig. 1 in a de-
humidification heating operation mode.

[Fig. 5] Fig. 5 is a front view of the valve device of
the air conditioning device in Fig. 1.

[Fig. 6] Fig. 6 is a perspective view of a valve module
of the valve device in Fig. 5.

[Fig. 7] Fig. 7 is another perspective view of the valve

module in Fig. 6.

[Fig. 8] Fig. 8 is a front view of the valve module in
Fig. 6.

[Fig. 9] Fig. 9 is a right-side view of the valve module
in Fig. 6.

[Fig. 10]Fig. 10is a left-side view of the valve module
in Fig. 6.

[Fig. 11] Fig. 11 is a plan view of the valve module
in Fig. 6.

[Fig. 12] Fig. 12 is a bottom view of the valve module
in Fig. 6.

[Fig. 13] Fig. 13 is a back view of the valve module
in Fig. 6.

[Fig. 14] Fig. 14 is a sectional view taken along line
A-A of Fig. 9.

[Fig. 15] Fig. 15 is a sectional view taken along line
B-B of Fig. 9.

[Fig. 16] Fig. 16 is a sectional view taken along line
C-C of Fig. 9.

[Fig. 17] Fig. 17 is a sectional view taken along line
D-D of Fig. 9.

[Fig. 18] Fig. 18 is a sectional view taken along line
E-E of Fig. 9.

[Fig. 19] Fig. 19 is a sectional view taken along line
F-F of Fig. 8.

[Fig. 20] Fig. 20 is a sectional view taken along line
G-G of Fig. 8.

[Fig. 21] Fig. 21 is a sectional view taken along line
H-H of Fig. 8.

[Fig. 22] Fig. 22 is a sectional view taken along line
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[Fig. 23] Fig. 23 is a sectional view taken along line
K-K of Fig. 13.

[Fig. 24] Fig. 24 is a sectional view taken along line
M-M of Fig. 8.

[Fig. 25] Fig. 25 is a plan view of a valve body of the
valve module in Fig. 6.

[Fig. 26] Fig. 26 is a right-side view of the valve body
of the valve module in Fig. 6.

[Fig. 27] Fig. 27 is a sectional view of a first on-off
valve unit of the valve module in Fig. 6.

[Fig. 28] Fig. 28 is a sectional view of a second on-
off valve unit of the valve module in Fig. 6.

[Fig. 29] Fig. 29 is a sectional view of a flow control
valve unit of the valve module in Fig. 6.

[Fig. 30] Fig. 30 is a perspective view of a receiver
drier of the valve device in Fig. 5.

[Fig. 31] Fig. 31 is a front view of the receiver drier
in Fig. 30.

[Fig. 32] Fig. 32 is a plan view of the receiver drier
in Fig. 30.

[Fig. 33] Fig. 33 is a diagram illustrating a method
for manufacturing the valve device in Fig. 5 (a state
before the receiver drier is mounted on the valve
body).

[Fig. 34] Fig. 34 is a diagram illustrating the method
for manufacturing the valve device in Fig. 5 (a state
after the receiver drieris mounted on the valve body).
[Fig. 35] Fig. 35 is a diagram illustrating high-tem-
perature refrigerant flow, medium-temperature re-
frigerant flow, and low-temperature refrigerant flow,
in a heating operation mode (#1).

[Fig. 36] Fig. 36 is a diagram illustrating high-tem-
perature refrigerant flow, medium-temperature re-
frigerant flow, and low-temperature refrigerant flow,
in the heating operation mode (#2).

[Fig. 37] Fig. 37 is a diagram illustrating high-tem-
perature refrigerant flow, medium-temperature re-
frigerant flow, and low-temperature refrigerant flow,
in a cooling operation mode (#1).

[Fig. 38] Fig. 38 is a diagram illustrating high-tem-
perature refrigerant flow, medium-temperature re-
frigerant flow, and low-temperature refrigerant flow,
in the cooling operation mode (#2).

[Fig. 39] Fig. 39 is a diagram illustrating a configu-
ration of a first modification of the valve device in Fig.
5.

[Fig. 40] Fig. 40 is a diagram illustrating a configu-
ration of a second modification of the valve device
in Fig. 5.

[Fig. 41] Fig. 41 is a diagram illustrating a schematic
configuration of an air conditioning device according
to the related art.

Description of Embodiments

[0029] A valve device according to an embodiment of
the present invention is described with reference to Fig.
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1 to Fig. 40.

[0030] Fig. 1is adiagram illustrating a schematic con-
figuration of an air conditioning device including the valve
device according to the embodiment of the present in-
vention. Fig. 2is a diagram illustrating a flow of refrigerant
of the air conditioning device in Fig. 1 in a heating oper-
ation mode. Fig. 3 is a diagram illustrating a flow of re-
frigerant of the air conditioning device in Fig. 1in a cooling
operation mode. Fig. 4 is a diagram illustrating a flow of
refrigerant of the air conditioning device in Fig. 1 in a
dehumidification heating operation mode. Fig. 5 is a front
view of the valve device of the air conditioning device in
Fig. 1. Fig. 6 to Fig. 13 are a perspective view, another
perspective view, a front view, a right-side view, a left-
side view, a plan view, a bottom view, and a back view
of the valve module of the valve device in Fig. 5. Fig. 14
to Fig. 18 are a sectional view taken along line A-A, a
sectional view taken along line B-B, a sectional view tak-
en along line C-C, a sectional view taken along line D-
D, and a sectional view taken along line E-E of Fig. 9.
Fig. 19 to Fig. 22 are a sectional view taken along line
F-F, a sectional view taken along line G-G, a sectional
view taken along line H-H, and a sectional view taken
along line J-J of Fig. 8. Fig. 23 is a sectional view taken
along line K-K of Fig. 13. Fig. 24 is a sectional view taken
along line M-M of Fig. 8. Fig. 25 and Fig. 26 are a plan
view and a right-side view of a valve body of the valve
module in Fig. 6. Fig. 27 to Fig. 29 are a sectional view
of a first on-off valve unit, a sectional view of a second
on-off valve unit, and a sectional view of a flow control
valve unit of the valve module in Fig. 6. Fig. 30 to Fig. 32
are a perspective view, a front view, and a plan view of
a receiver drier of the valve device in Fig. 5. Fig. 33 and
Fig. 34 are diagrams illustrating a method for manufac-
turing the valve device in Fig. 5. Fig. 33 illustrates a state
before the receiver drier is mounted on the valve body.
Fig. 34 illustrates a state after the receiver drier is mount-
ed on the valve body. Fig. 35 and Fig. 36 are diagrams
illustrating high-temperature refrigerant flow, medium-
temperature refrigerant flow, and low-temperature refrig-
erant flow, in a heating operation mode. Fig. 37 and Fig.
38 are diagrams illustrating high-temperature refrigerant
flow, medium-temperature refrigerant flow, and low-tem-
perature refrigerant flow, in a cooling operation mode. In
Fig. 35 and Fig. 37, refrigerant flow is schematically over-
laid on the same sectional view illustrated in Fig. 21. In
Fig. 36 and Fig. 38, refrigerant flow is schematically over-
laid on the same sectional view illustrated in Fig. 22. In
Fig. 35 to Fig. 38, solid-line arrows schematically repre-
sent high-temperature refrigerant flow, chain-line arrows
schematically represent medium-temperature refriger-
antflow, and dashed-line arrows schematically represent
low-temperature refrigerant flow. Fig. 39 is a diagram il-
lustrating a configuration of a first modification of the
valve device in Fig. 5. Fig. 40 is a diagram illustrating a
configuration of a second modification of the valve device
in Fig. 5. In each figure, an X direction indicated by arrow
X represents a left-and-right direction, a Y direction indi-
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cated by arrow Y represents a front-and-back direction,
and a Z direction indicated by arrow Z represents an up-
and-down direction. The direction denoted by "X" on ar-
row X is the right direction, the direction denoted by "Y"
on arrow Y is the backward direction, and the direction
denoted by "Z" on arrow Z is the upward direction.
[0031] An air conditioning device 1 is, for example, a
vehicle air conditioning device installed in a vehicle for
heating and cooling air blown into the cabin of the vehicle.
The air conditioning device 1 serves as a refrigeration
cycle device.

[0032] As illustrated in Fig. 1, the air conditioning de-
vice 1 includes a valve device 5, a compressor 30, an
indoor condenser 40, an indoor evaporator 50, an out-
door heat exchanger 60, and a flow control valve 70.
[0033] The valve device 5 includes a valve module 10
and a receiver drier 20.

[0034] Asillustrated in Fig. 5 to Fig. 29, the valve mod-
ule 10 includes a valve body 100, a first on-off valve unit
300, a second on-off valve unit 400, a third on-off valve
unit 500, a flow control valve unit 600, a first check valve
unit 700, and a second check valve unit 800.

[0035] The valve body 100 is, for example, formed in
a rectangular parallelepiped shape by extruding an alu-
minum alloy. The valve body 100 includes a front surface
101, aback surface 102, a left surface 103, aright surface
104, an upper surface 105, and alower surface 106. Each
surface constitutes an outer surface of the valve body
100 and is flat.

[0036] A firstindoor-side opening 111 is formed on the
front surface 101 (Fig. 6 and Fig. 8). A first outdoor-side
opening 121 and a fourth indoor-side opening 114 are
formed on the back surface 102 (Fig. 7 and Fig. 13). A
second indoor-side opening 112, a third indoor-side
opening 113, and a second outdoor-side opening 122
are formed on the left surface 103 (Fig. 7 and Fig. 10).
The third indoor-side opening 113 is adjacent to the sec-
ond indoor-side opening 112 in the left surface 103. The
third indoor-side opening 113 is between the second out-
door-side opening 122 and the second indoor-side open-
ing 112intheleft surface 103. The third indoor-side open-
ing 113 may be formed on the upper surface 105. A first
intermediate opening 131 and a second intermediate
opening 132 are formed on the lower surface 106 (Fig.
12).

[0037] The valve body 100 includes refrigerant pas-
sages formed by cutting. Specifically, the valve body 100
includes a first refrigerant passage 151, a second refrig-
erant passage 152, a third refrigerant passage 153, a
fourth refrigerant passage 154, a fifth refrigerant passage
155, a sixth refrigerant passage 156, and a seventh re-
frigerant passage 157.

[0038] The first refrigerant passage 151 connects the
first indoor-side opening 111 and the second intermedi-
ate opening 132. The first refrigerant passage 151 ex-
tends from the first indoor-side opening 111 toward the
back surface 102, then toward the upper surface 105,
and then to the second intermediate opening 132 on the
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lower surface 106, defining its pathway. The first on-off
valve unit 300 is disposed in the first refrigerant passage
151.

[0039] The second refrigerant passage 152 connects
the firstindoor-side opening 111 and the second outdoor-
side opening 122. The second refrigerant passage 152
extends from the first indoor-side opening 111 toward
the back surface 102, then toward the left surface 103,
then toward the upper surface 105, and then to the sec-
ond outdoor-side opening 122 on the left surface 103,
defining its pathway. The second refrigerant passage 152
includes a connecting point 152¢ to which the third re-
frigerant passage 153 is connected. The second refrig-
erant passage 152 includes a first passage part 152a
between the first indoor-side opening 111 and the con-
necting point 152¢, and a second passage part 152b be-
tween the second outdoor-side opening 122 and the con-
necting point 152c. The second on-off valve unit 400 is
disposed in the first passage part 152a. The flow control
valve unit 600 is disposed in the second passage part
152b.

[0040] The third refrigerant passage 153 connects the
firstintermediate opening 131 and the second refrigerant
passage 152. The third refrigerant passage 153 extends
from the first intermediate opening 131 toward the upper
surface 105, then toward the front surface 101, and then
to the second refrigerant passage 152, defining its path-
way. The first check valve unit 700 is disposed in the third
refrigerant passage 153.

[0041] The fourth refrigerant passage 154 connects
the first outdoor-side opening 121 and the second inter-
mediate opening 132. The fourth refrigerant passage 154
extends from the first outdoor-side opening 121 toward
the frontsurface 101, and then to the second intermediate
opening 132 on the lower surface 106, defining its path-
way. The second check valve unit 800 is disposed in the
fourth refrigerant passage 154.

[0042] The fifth refrigerant passage 155 connects the
first intermediate opening 131 and the second indoor-
side opening 112. The fifth refrigerant passage 155 ex-
tends from the first intermediate opening 131 toward the
upper surface 105, and then to the second indoor-side
opening 112 on the left surface 103, defining its pathway.
No valve unit capable of changing the passage area of
the fifth refrigerant passage 155 is provided.

[0043] The sixthrefrigerant passage 156 connects the
first outdoor-side opening 121 and the third indoor-side
opening 113. The sixth refrigerant passage 156 extends
from the first outdoor-side opening 121 toward the front
surface 101, then toward the left surface 103, then toward
the front surface 101, and then to the third indoor-side
opening 113 on the left surface 103, defining its pathway.
The third on-off valve unit 500 is disposed in the sixth
refrigerant passage 156.

[0044] The seventh refrigerant passage 157 connects
the fourth indoor-side opening 114 and the third indoor-
side opening 113. The seventh refrigerant passage 157
extends from the fourth indoor-side opening 114 toward
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the front surface 101, and then to the third indoor-side
opening 113 on the left surface 103, defining its pathway.
No valve unit capable of changing the passage area of
the seventh refrigerant passage 157 is provided.
[0045] The first refrigerant passage 151 and the sec-
ondrefrigerantpassage 152 share a part (refrigerant pas-
sage 151a) connected to the first indoor-side opening
111. The first refrigerant passage 151 and the fourth re-
frigerant passage 154 share a part (refrigerant passage
151b) connected to the second intermediate opening
132. The third refrigerant passage 153 and the fifth re-
frigerant passage 155 share a part (refrigerant passage
153a) connected to the first intermediate opening 131.
The fourth refrigerant passage 154 and the sixth refrig-
erant passage 156 share a part (refrigerant passage
154a) connected to the first outdoor-side opening 121.
The sixth refrigerant passage 156 and the seventh re-
frigerant passage 157 share a part (refrigerant passage
156a) connected to the third indoor-side opening 113.
[0046] Minimum distance D1 (Fig. 17) between the
third refrigerant passage 153 (the refrigerant passage
153a) and the sixth refrigerant passage 156 (the refrig-
erant passage 156a) is shorter than minimum distance
D2 (Fig. 24) between the third refrigerant passage 153
and the first refrigerant passage 151. Minimum distance
D1 is also a minimum distance between the fifth refrig-
erant passage 155 and the seventh refrigerant passage
157. Minimum distance D1 (Fig. 17) is shorter than min-
imum distance D3 between the fifth refrigerant passage
155 (the refrigerant passage 153a) and the fourth refrig-
erant passage 154.

[0047] The valve body 100 also has a first through hole
171 and a second through hole 172 (Fig. 8 and Fig. 20).
The first through hole 171 and the second through hole
172 extend linearly from the upper surface 105 to the
lower surface 106.

[0048] The first on-off valve unit 300 is disposed in the
upper surface 105, near the right surface 104. The first
on-off valve unit 300 can open and close the first refrig-
erant passage 151. That is, the first on-off valve unit 300
can change the passage area of the first refrigerant pas-
sage 151 to zero or to an area greater than zero.
[0049] The first on-off valve unit 300 constitutes a pilot-
operated on-off valve together with the valve body 100.
The first on-off valve unit 300 is a normally closed valve.
A first mounting hole 161 is formed on the upper surface
105 of the valve body 100. The first on-off valve unit 300
is disposed in the first mounting hole 161. The valve body
100 has a first valve chamber 311, a first valve port 312
that is open to the first valve chamber 311, and a first
valve seat 313 that encloses the first valve port 312, and
these are in the first mounting hole 161. The first valve
chamber 311 and the first valve port 312 are parts of the
first refrigerant passage 151.

[0050] Asillustrated in Fig. 27, the first on-off valve unit
300includes a main valve member 320 and a valve-mem-
ber driving section 330.

[0051] The main valve member 320 has a disc shape.
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The main valve member 320 includes a pilot passage
325 and a pressure equalizing passage 326. The first
valve port 312 closes when the main valve member 320
comes into contact with the first valve seat 313 and opens
when the main valve member 320 moves away from the
first valve seat 313.

[0052] The valve-member driving section 330 includes
a holder 331, a case 332, a plunger 333, an electromag-
netic coil 334, a pilot valve member 335, and a fixed core
336.

[0053] The holder 331 has a circular cylindrical shape.
The holder 331 is mounted on the inner circumferential
surface of the first mounting hole 161 of the valve body
100 by a screw structure. The main valve member 320
is disposed in the holder 331 and can move in the up-
and-down direction. The main valve member 320 sepa-
rates a back-pressure chamber 314 in the holder 331
from the first valve chamber 311. The pilot passage 325
connects the back-pressure chamber 314 and the first
valve port 312. The pressure equalizing passage 326
connects the first valve chamber 311 and the back-pres-
sure chamber 314. A valve opening spring 337 is dis-
posed between the main valve member 320 and the hold-
er 331. The valve opening spring 337 is a compression
coil spring. The valve opening spring 337 pushes the
main valve member 320 upward.

[0054] The case 332 has a circular cylindrical shape.
The case 332 includes alower end disposed in the holder
331 and bonded to the holder 331. The fixed core 336
having a circular columnar shape is disposed in the upper
end of the case 332. The fixed core 336 is bonded to the
upper end of the case 332. The fixed core 336 includes
alower end surface on which a spring receiving member
336a is disposed.

[0055] The plunger 333 has acircular columnar shape.
The plunger 333 is disposed in the case 332 and can
move in the up-and-down direction. The plunger 333 in-
cludes an upper end surface on which a spring housing
hole 333a is formed. A plunger spring 338 is disposed
between a bottom surface 333b of the spring housing
hole 333a and the spring receiving member 336a of the
fixed core 336. The plunger spring 338 is a compression
coil spring. The plunger spring 338 pushes the plunger
333 downward.

[0056] The electromagnetic coil 334 has a circular cy-
lindrical shape. The case 332 is disposed in the electro-
magnetic coil 334. The electromagnetic coil 334 magnet-
izes the fixed core 336 and the plunger 333.

[0057] The pilotvalve member 335 has a conical shape
pointing downward. The pilot valve member 335 is con-
nected integrally to the lower end surface of the plunger
333. The pilot valve member 335 is disposed in the back-
pressure chamber 314. The pilot valve member 335
opens and closes the pilot passage 325.

[0058] In the first on-off valve unit 300, when the elec-
tromagnetic coil 334 is not energized, the plunger 333 is
pushed and moved downward by the plunger spring 338.
The pilot valve member 335 is also moved downward,
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closes the pilot passage 325, and pushes the main valve
member 320 downward. The main valve member 320
comes into contact with the first valve seat 313, and the
first valve port 312 closes. When the first valve port 312
closes, refrigerant in the first valve chamber 311 and the
back-pressure chamber 314 is restricted from flowing to
the first valve port 312. Refrigerant remains in the first
valve chamber 311 and the back-pressure chamber 314.
The main valve member 320 is pressed to the first valve
seat 313 by refrigerant.

[0059] In the first on-off valve unit 300, when the elec-
tromagnetic coil 334 is energized, the plunger 333 is
moved upward by magnetic force. The pilot valve mem-
ber 335 is also moved upward, and the pilot passage 325
opens. Thus, refrigerant in the back-pressure chamber
314 flows through the pilot passage 325 to the first valve
port 312. This causes pressure of refrigerant in the back-
pressure chamber 314 to be lower than pressure of re-
frigerant in the first valve chamber 311. Additionally, the
valve opening spring 337 pushes the main valve member
320 upward. As a result, the main valve member 320 is
moved away from the first valve seat 313, and the first
valve port 312 opens.

[0060] The second on-off valve unit 400 is disposed in
the right surface 104, near the front surface 101. The
second on-off valve unit 400 can open and close the first
passage part 152a of the second refrigerant passage
152. Thatis, the second on-off valve unit 400 can change
the passage area of the first passage part 152a to zero
or to an area greater than zero.

[0061] The second on-off valve unit 400 constitutes a
pilot-operated on-off valve together with the valve body
100. The second on-off valve unit 400 is a normally open
valve. A second mounting hole 162 is formed on the right
surface 104 of the valve body 100. The second on-off
valve unit 400 is disposed in the second mounting hole
162. The valve body 100 has a second valve chamber
411, a second valve port 412 that is open to the second
valve chamber 411, and a second valve seat 413 that
encloses the second valve port 412, and these are in the
second mounting hole 162. The second valve chamber
411 and the refrigerant passage 151a (Fig. 19 and Fig.
24) that extends from the first indoor-side opening 111
to the second valve chamber 411 are parts of the first
refrigerant passage 151. The second valve chamber 411
and the refrigerant passage 151a are also parts of the
second refrigerant passage 152. The second valve port
412 is a part of the second refrigerant passage 152.
[0062] Asillustrated in Fig. 28, the second on-off valve
unit 400 includes a main valve member 420 and a valve-
member driving section 430.

[0063] The main valve member 420 integrally includes
a body portion 421, a first flange portion 422, and a sec-
ond flange portion 423. The body portion 421 has a cir-
cular columnar shape. The first flange portion 422 has a
circular annular shape. The inner peripheral edge of the
first flange portion 422 is connected to the right end of
the body portion 421. The second flange portion 423 has
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a circular annular shape. The inner peripheral edge of
the second flange portion 423 is connected to the left end
of the body portion 421. The body portion 421 includes
a pilot passage 425. The first flange portion 422 includes
a pressure equalizing passage 426. Packing has a cir-
cular annular plate-like shape and is provided in the sec-
ond flange portion 423. The second valve port412 closes
when the main valve member 420 (specifically, the pack-
ing of the second flange portion 423) comes into contact
with the second valve seat 413 and opens when the main
valve member 420 moves away from the second valve
seat 413. A valve opening spring 437 is disposed be-
tween the first flange portion 422 of the main valve mem-
ber420 and the valve body 100. The valve opening spring
437 is a compression coil spring. The valve opening
spring 437 pushes the first flange portion 422 of the main
valve member 420 rightward.

[0064] The valve-member driving section 430 includes
a fixed core 431, a case 432, a plunger 433, an electro-
magnetic coil 434, a pilot valve member 435, and a valve
shaft 436.

[0065] The fixed core 431 integrally includes a large-
diameter cylindrical portion 431a and a small-diameter
cylindrical portion 431b. The large-diameter cylindrical
portion 431a is mounted on the inner circumferential sur-
face of the second mounting hole 162 of the valve body
100 by a screw structure. The small-diameter cylindrical
portion431bis disposed coaxially with the large-diameter
cylindrical portion 431a. The outer diameter of the small-
diameter cylindrical portion 431b is smaller than the inner
diameter of the large-diameter cylindrical portion 431a.
The small-diameter cylindrical portion 431b projects from
the right surface 104. The first flange portion 422 is dis-
posed in the large-diameter cylindrical portion 431a and
can move in the left-and-right direction. The first flange
portion 422 separates a back-pressure chamber 414 in
the large-diameter cylindrical portion 431a from the sec-
ond valve chamber 411. The pilot passage 425 connects
the back-pressure chamber 414 and the second valve
port412. The pressure equalizing passage 426 connects
the second valve chamber 411 and the back-pressure
chamber 414.

[0066] The case 432 has a circular cylindrical shape
that is open at the left end and is closed at the right end.
The small-diameter cylindrical portion 431b of the fixed
core 431 is disposed in the left end of the case 432. The
left end of the case 432 is bonded to the fixed core 431.
[0067] The plunger 433 has a circular cylindrical
shape. The plunger 433 is disposed in the case 432 and
can move in the left-and-right direction. A plunger spring
438 is disposed between the plunger 433 and the fixed
core 431. The plunger spring 438 is a compression coil
spring. The plunger spring 438 pushes the plunger 433
rightward.

[0068] The electromagnetic coil 434 has a circular cy-
lindrical shape. The case 432 is disposed in the electro-
magnetic coil 434. The electromagnetic coil 434 magnet-
izes the fixed core 431 and the plunger 433.
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[0069] The pilot valve member 435 is connected inte-
grally to the left end of the valve shaft 436. The pilot valve
member 435 is disposed in the back-pressure chamber
414. The pilot valve member 435 is connected to the
plunger 433 via the valve shaft 436. Packing has a disc
shape and is provided in the pilot valve member 435. The
pilot valve member 435 opens and closes the pilot pas-
sage 425.

[0070] The valve shaft 436 has an elongated circular
cylindrical shape. The valve shaft 436 has a right end
that is secured to the left end of the plunger 433. The
valve shaft 436 is disposed in the small-diameter cylin-
drical portion 431b of the fixed core 431. The valve shaft
436 is supported by the small-diameter cylindrical portion
431b and can move in the left-and-right direction.
[0071] In the second on-off valve unit 400, when the
electromagnetic coil 434 is energized, the plunger 433
is moved leftward by magnetic force. The pilot valve
member 435 is also moved leftward, closes the pilot pas-
sage 425, and pushes the main valve member 420 left-
ward. The main valve member 420 comes into contact
with the second valve seat 413, and the second valve
port 412 closes. When the second valve port412 closes,
refrigerant in the second valve chamber 411 and the
back-pressure chamber 414 is restricted from flowing to
the second valve port 412. Refrigerant remains in the
second valve chamber 411 and the back-pressure cham-
ber 414. The main valve member 420 is pressed to the
second valve seat 413 by refrigerant.

[0072] In the second on-off valve unit 400, when the
electromagnetic coil 434 is not energized, the plunger
433 is pushed and moved rightward by the plunger spring
438. The pilot valve member 435 is also moved rightward,
and the pilot passage 425 opens. Thus, refrigerant in the
back-pressure chamber 414 flows through the pilot pas-
sage 425 to the second valve port412. This causes pres-
sure of refrigerant in the back-pressure chamber 414 to
be lower than pressure of refrigerant in the second valve
chamber 411. Additionally, the valve opening spring 437
pushes the main valve member 420 rightward. As a re-
sult, the main valve member 420 is moved away from
the second valve seat 413, and the second valve port
412 opens.

[0073] The third on-off valve unit 500 is disposed in the
right surface 104, near the back surface 102. The third
on-off valve unit 500 can open and close the sixth refrig-
erant passage 156. Thatis, the third on-off valve unit 500
can change the passage area of the sixth refrigerant pas-
sage 156 to zero or to an area greater than zero.
[0074] The third on-off valve unit 500 constitutes a pi-
lot-operated on-off valve together with the valve body
100. The third on-off valve unit 500 is a normally open
valve. A third mounting hole 163 is formed on the right
surface 104 of the valve body 100. The third on-off valve
unit 500 is disposed in the third mounting hole 163. The
valve body 100 has a third valve chamber 511, a third
valve port 512 that is open to the third valve chamber
511, and a third valve seat 513 that encloses the third
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valve port 512, and these are in the third mounting hole
163. The third valve chamber 511 and the refrigerant
passage 154a (Fig. 19 and Fig. 23) that extends from the
first outdoor-side opening 121 to the third valve chamber
511 are parts of the fourth refrigerant passage 154. The
third valve chamber 511 and the refrigerant passage
154a are also parts of the sixth refrigerant passage 156.
The third valve port 512 is a part of the sixth refrigerant
passage 156. The sixth refrigerant passage 156 includes
a connecting point 156¢ to which the seventh refrigerant
passage 157 is connected. The refrigerant passage 156a
(Fig. 22) that extends from the connecting point 156¢ to
the third indoor-side opening 113 is a part of the sixth
refrigerant passage 156. The refrigerant passage 156a
is also a part of the seventh refrigerant passage 157.
[0075] The third on-off valve unit 500 includes a main
valve member 520 and a valve-member driving section
530. The main valve member 520 includes a pilot pas-
sage 525 and a pressure equalizing passage 526. A fixed
core of the valve-member driving section 530 is mounted
on the inner circumferential surface of the third mounting
hole 163 of the valve body 100 by a screw structure. In
the third on-off valve unit 500, when an electromagnetic
coil of the valve-member driving section 530 is energized,
the main valve member 520 comes into contact with the
third valve seat 513, and the third valve port 512 closes.
In the third on-off valve unit 500, when the electromag-
netic coil of the valve-member driving section 530 is not
energized, the main valve member 520 moves away from
the third valve seat 513, and the third valve port 512
opens. Since the third on-off valve unit 500 has the same
(including substantially the same) configuration as that
of the second on-off valve unit 400, its detailed descrip-
tion is omitted.

[0076] The flow control valve unit 600 is disposed in
the upper surface 105, near the left surface 103. The flow
control valve unit 600 can change, in a stepless manner
(including a substantially stepless manner), the passage
area of the second passage part 152b of the second re-
frigerant passage 152.

[0077] Theflow control valve unit 600 constitutes a flow
control valve together with the valve body 100. A fourth
mounting hole 164 is formed on the upper surface 105
of the valve body 100. The flow control valve unit 600 is
disposed in the fourth mounting hole 164. The valve body
100 has a fourth valve chamber 611, a fourth valve port
612 that is open to the fourth valve chamber 611, and a
fourth valve seat 613 that encloses the fourth valve port
612, and these are in the fourth mounting hole 164. The
fourth valve chamber 611 and the fourth valve port 612
are parts of the second refrigerant passage 152.

[0078] As illustrated in Fig. 29, the flow control valve
unit 600 includes a valve member 620 and a valve-mem-
ber driving section 630.

[0079] The valve member 620 includes a stem 621, a
valve portion 622, a spring receiving portion 623, and a
ball receiving portion 624. The stem 621 has a circular
columnar shape. The valve portion 622 is disposed at
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the lower end of the stem 621. The valve portion 622 has
acircularannular shape. The valve portion 622 protrudes
radially outward from the outer circumferential surface of
the stem 621. The spring receiving portion 623 is dis-
posed at the upper end of the stem 621. The spring re-
ceiving portion 623 includes a flange 623a that protrudes
radially outward. The ball receiving portion 624 includes
adisc portion and a projecting portion formed on the lower
surface of the disc portion. The projecting portion of the
ball receiving portion 624 is fitted into a hole formed in
the spring receiving portion 623. The valve portion 622
of the valve member 620 moves toward and away from
the fourth valve port 612. This causes the opening area
of the fourth valve port 612 (i.e., the passage area of the
second passage part 152b of the second refrigerant pas-
sage 152) to be changed in the stepless manner.
[0080] The valve-member driving section 630 moves
the valve member 620 in the up-and-down direction and
moves the valve portion 622 toward and away from the
fourth valve port 612. The valve-member driving section
630 includes a holder 640, a can 650, a rotor 660, a plan-
etary gear mechanism 670, a driving shaft 682, a ball
684, and a stator unit 690.

[0081] The holder 640 is made of a metal such as an
aluminum alloy. The holder 640 has a circular cylindrical
shape. The holder 640 is mounted on the inner circum-
ferential surface of the fourth mounting hole 164 by a
screw structure. A driving-shaft supporting member 642
having a circular cylindrical shape is disposed in the up-
per part of the holder 640. The driving-shaft supporting
member 642 includes an inner circumferential surface
on which an internal thread 642c is formed, and the in-
ternal thread 642c is disposed in the lower part of the
inner circumferential surface. A valve-member support-
ing member 644 is disposed between the lower end of
the holder 640 and the valve body 100. The valve-mem-
ber supporting member 644 has a circular cylindrical
shape. The valve-member supporting member 644 has
a valve-member supporting hole 644a. The valve-mem-
ber supporting hole 644a extends through the valve-
member supporting member 644 in the up-and-down di-
rection. The stem 621 of the valve member 620 is dis-
posed in the valve-member supporting hole 644a. A valve
opening spring 646 is disposed between the flange 623a
and the valve-member supporting member 644. The
valve opening spring 646 is a compression coil spring.
The valve opening spring 646 pushes the valve member
620 upward.

[0082] The can 650 has a circular cylindrical shape that
is open at the lower end and is closed at the upper end.
The lower end of the can 650 is bonded to the holder 640
via an annular member 651.

[0083] The rotor 660 has a circular cylindrical shape.
The outer diameter of the rotor 660 is smaller than the
inner diameter of the can 650. The rotor 660 is rotatably
disposed in the can 650. The upper end of the rotor 660
is bonded to a connecting member 662 having a disc
shape. The connecting member 662 closes the upper
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end of the rotor 660. A rotor shaft 663 extends through
the center of the connecting member 662. The rotor 660
is connected to the rotor shaft 663 via the connecting
member 662.

[0084] The planetary gear mechanism 670 includes a
fixed ring gear 671, a sun gear 672, planetary gears 673,
a carrier 674, an output gear 675, and an output shaft
676. The sun gear 672 is coupled coaxially to the con-
necting member 662. The sun gear 672 rotates together
with the rotor 660 and the connecting member 662. The
rotational speed of the sun gear 672 is reduced by the
fixed ring gear 671, the planetary gears 673, the carrier
674, and the output gear 675, and the rotation is trans-
mitted to the output shaft 676. The output shaft 676 is
disposed in the driving-shaft supporting member 642.
[0085] The driving shaft 682 includes a circular colum-
nar portion 682a and a flat plate portion 682b. The flat
plate portion 682b is connected to the upper end of the
circular columnar portion 682a. The circular columnar
portion 682a and the flat plate portion 682b are integrally
formed. The circular columnar portion 682a includes an
outer circumferential surface on which an external thread
682c is formed. The external thread 682c is screwed into
the internal thread 642c of the driving-shaft supporting
member 642. The flat plate portion 682b is disposed in
a slit 676a of the output shaft 676 and can move in the
up-and-down direction. The driving shaft 682 is rotated
by the output shaft 676, and a screw-feed action moves
the driving shaft 682 in the up-and-down direction. The
ball 684 is disposed between the driving shaft 682 and
the ball receiving portion 624 of the valve member 620.
[0086] The stator unit 690 includes a stator 691 having
a circular cylindrical shape. The can 650 is disposed in
the stator 691. The stator 691 and the rotor 660 constitute
a stepping motor.

[0087] In the flow control valve unit 600, a current is
applied to the stator 691 to rotate the rotor 660 in one
direction. The rotational speed of the rotor 660 is reduced
by the planetary gear mechanism 670, and the driving
shaft 682 is rotated by the output shaft 676. When the
driving shaft 682 is rotated, the screw-feed action moves
the driving shaft 682 downward. The driving shaft 682
pushes the valve member 620 downward via the ball 684.
The valve member 620 moves downward, and the open-
ing area of the fourth valve port 612 decreases. In the
embodiment, the minimum opening area of the fourth
valve port 612 is zero, that is, the fourth valve port 612
is in a fully closed state.

[0088] In the flow control valve unit 600, a current is
applied to the stator 691 to rotate the rotor 660 in the
other direction. The rotational speed of the rotor 660 is
reduced by the planetary gear mechanism 670, and the
driving shaft 682 is rotated by the output shaft 676. When
the driving shaft 682 is rotated, the screw-feed action
moves the driving shaft 682 upward. The valve member
620 is pushed by the valve opening spring 646 and moves
upward, and the opening area of the fourth valve port
612 increases. When the fourth valve port 612 is in a fully
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open state, refrigerant flows through the fourth valve port
612 without expanding.

[0089] The second valve port 412 and the fourth valve
port612 are parts of the second refrigerant passage 152.
The second refrigerant passage 152 includes a first part
that extends leftward from the second valve port412 and
a second part that extends downward from the fourth
valve port 612, and the second part is connected at a
right angle to the first part. That is, a part of the second
refrigerant passage 152 between the second valve port
412 and the fourth valve port 612 has an L shape (Fig. 14).
[0090] As illustrated in Fig. 21 and Fig. 24, the first
check valve unit 700 is disposed in the third refrigerant
passage 153. The first check valve unit 700 allows re-
frigerant to flow in the third refrigerant passage 153 from
the first intermediate opening 131 to the second refrig-
erant passage 152 and restricts refrigerant from flowing
in the third refrigerant passage 153 from the second re-
frigerant passage 152 to the first intermediate opening
131.

[0091] The first check valve unit 700 constitutes a
check valve together with the valve body 100. The valve
body 100 includes a valve seat 713 that has a circular
annular tapered shape and that is disposed in the third
refrigerant passage 153. The refrigerant passage 153a
(Fig. 17 and Fig. 21) that extends upward from the first
intermediate opening 131 is a part of the third refrigerant
passage 153. The refrigerant passage 153a is also a part
of the fifth refrigerant passage 155.

[0092] The first check valve unit 700 includes a valve
member 720, a coil spring 730, and a holding member
740. The valve member 720 is disposed in the third re-
frigerant passage 153 and can move in a direction of
refrigerant flow (the front-and-back direction). The valve
member 720 includes a valve portion 721 having a cir-
cular annular shape. The coil spring 730 is disposed in
the third refrigerant passage 153, and the center axis of
the coil spring 730 is in the direction of the refrigerant
flow. The first end of the coil spring 730 is connected to
the valve member 720, and the second end of the coil
spring 730 is held by the holding member 740 secured
to the valve body 100. The valve member 720 is pushed
backward by the coil spring 730. The valve member 720
moves backward, bringing the valve portion 721 into con-
tact with the valve seat 713.

[0093] When pressure of refrigerant at the first inter-
mediate opening 131 is higher than pressure of refriger-
ant at the connecting point 152c in the second refrigerant
passage 152, the valve member 720 is pushed forward
by refrigerant, and the coil spring 730 is compressed.
Then, the valve portion 721 moves away from the valve
seat 713, and the third refrigerant passage 153 opens.
As a result, refrigerant is allowed to flow in the third re-
frigerant passage 153 from the firstintermediate opening
131 to the second refrigerant passage 152.

[0094] When pressure of refrigerant at the first inter-
mediate opening 131 is lower than or equal to pressure
of refrigerant at the connecting point 152c in the second
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refrigerant passage 152, the coil spring 730 is released,
and the valve member 720 is pushed backward by the
coil spring 730. Then, the valve portion 721 comes into
contact with the valve seat 713, and the third refrigerant
passage 153 closes. As a result, refrigerant is restricted
from flowing in the third refrigerant passage 153 from the
second refrigerant passage 152 to the first intermediate
opening 131.

[0095] Asiillustrated in Fig. 16 and Fig. 19, the second
check valve unit 800 is disposed in the fourth refrigerant
passage 154. The second check valve unit 800 allows
refrigerant to flow in the fourth refrigerant passage 154
from the first outdoor-side opening 121 to the second
intermediate opening 132 and restricts refrigerant from
flowing in the fourth refrigerant passage 154 from the
second intermediate opening 132 to the first outdoor-side
opening 121.

[0096] The second check valve unit 800 constitutes a
check valve together with the valve body 100. The valve
body 100 includes a valve seat 813 that has a circular
annular tapered shape and that is disposed in the fourth
refrigerant passage 154. The refrigerant passage 151b
(Fig. 16 and Fig. 19) thatextends upward from the second
intermediate opening 132 is a part of the first refrigerant
passage 151. The refrigerant passage 151bis also a part
of the fourth refrigerant passage 154.

[0097] The second check valve unit 800 includes a
valve member 820 and a coil spring 830. The valve mem-
ber 820 is disposed in the fourth refrigerant passage 154
and can move in a direction of refrigerant flow (the up-
and-down direction). The valve member 820 includes a
valve portion 821 having a circular annular shape. The
coil spring 830 is disposed in the fourth refrigerant pas-
sage 154, and the center axis of the coil spring 830 is in
the direction of the refrigerant flow. The first end of the
coil spring 830 is connected to the valve member 820,
and the second end of the coil spring 830 is held by a
second joint member 260 that is disposed in the refrig-
erant passage 151b. The valve member 820 is pushed
upward by the coil spring 830. The valve member 820
moves upward, bringing the valve portion 821 into con-
tact with the valve seat 813.

[0098] When pressure of refrigerantat the first outdoor-
side opening 121 is higher than pressure of refrigerant
at the second intermediate opening 132, the valve mem-
ber 820 is pushed downward by refrigerant, and the coil
spring 830 is compressed. Then, the valve portion 821
moves away from the valve seat 813, and the fourth re-
frigerant passage 154 opens. As a result, refrigerant is
allowed to flow in the fourth refrigerant passage 154 from
the first outdoor-side opening 121 to the second interme-
diate opening 132.

[0099] When pressure of refrigerantat the first outdoor-
side opening 121 is lower than or equal to pressure of
refrigerant at the second intermediate opening 132, the
coil spring 830 is released, and the valve member 820
is pushed upward by the coil spring 830. Then, the valve
portion 821 comes into contact with the valve seat 813,
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and the fourth refrigerant passage 154 closes. As aresult,
refrigerant is restricted from flowing in the fourth refrig-
erant passage 154 from the second intermediate opening
132 to the first outdoor-side opening 121.

[0100] The receiver drier 20 separates refrigerant into
gas and liquid phases and stores an excess of liquid-
phase refrigerant. Additionally, the receiver drier 20 re-
moves moisture from refrigerant. As illustrated in Fig. 30
to Fig. 32, the receiver drier 20 includes a receiver drier
body 210 and a lid member 220. The receiver drier body
210 and the lid member 220 are made of a metal such
as an aluminum alloy.

[0101] The receiver drier body 210 has a circular cy-
lindrical shape thatis open at the upper end and is closed
at the lower end. The receiver drier body 210 contains a
desiccant, which is not illustrated, for removing moisture
from refrigerant.

[0102] The lid member 220 has a disc shape. The lid
member 220 has a first connecting hole 231, a second
connecting hole 232, afirst screw hole 271, and a second
screw hole 272.

[0103] The first connecting hole 231 is formed to cor-
respond to the first intermediate opening 131 of the valve
body 100. The diameter of the first connecting hole 231
is equal to the diameter of the first intermediate opening
131. The second connecting hole 232 is formed to cor-
respond to the second intermediate opening 132 of the
valve body 100. The diameter of the second connecting
hole 232 is equal to the diameter of the second interme-
diate opening 132. The first connecting hole 231 and the
second connecting hole 232 communicate with an inner
space of the receiver drier body 210 directly or indirectly
via pipes that are not illustrated.

[0104] Thefirstscrew hole 271 is formed to correspond
to the first through hole 171 of the valve body 100. The
second screw hole 272 is formed to correspond to the
second through hole 172 of the valve body 100.

[0105] The first connecting hole 231 is connected to
the first intermediate opening 131 via a first joint member
250. The first joint member 250 has a circular cylindrical
shape. The first joint member 250 includes a first part
251 and a second part 252 that are connected in this
sequence from bottom to top.

[0106] The first part 251 and the second part 252 are
connected in the axial direction of the first joint member
250. The outer diameter of the first part 251 is equal to
the diameter of the first connecting hole 231. The first
part 251 is disposed in the first connecting hole 231. A
seal (such as a rubber O-ring) is disposed between the
first part 251 and the inner circumferential surface of the
first connecting hole 231. The outer diameter of the sec-
ond part 252 is equal to the diameter of the first interme-
diate opening 131. The second part 252 is disposed in
the refrigerant passage 153a that extends upward from
the first intermediate opening 131. A seal is disposed
between the second part 252 and the inner circumferen-
tial surface of the refrigerant passage 153a. Refrigerant
in the receiver drier body 210 flows through the first con-
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necting hole 231 and an inner space 250a of the first joint
member 250 into the refrigerant passage 153a (the third
refrigerant passage 153 and the fifth refrigerant passage
155).

[0107] The second connecting hole 232 is connected
to the second intermediate opening 132 via the second
joint member 260. The second joint member 260 has a
circular cylindrical shape that is open at the lower end
and is closed at the upper end. The second joint member
260 includes a first part 261, a second part 262, and a
third part 263 that are connected in this sequence from
bottom to top.

[0108] The first part 261, the second part 262, and the
third part 263 are connected in the axial direction of the
second joint member 260. The outer diameter of the first
part261 is equal to the diameter of the second connecting
hole 232. The first part 261 is disposed in the second
connecting hole 232. A seal is disposed between the first
part 261 and the inner circumferential surface of the sec-
ond connecting hole 232. The outer diameter of the sec-
ond part 262 is equal to the diameter of the second in-
termediate opening 132. The second part 262 is disposed
in the refrigerant passage 151b that extends upward from
the second intermediate opening 132. A seal is disposed
between the second part 262 and the inner circumferen-
tial surface of the refrigerant passage 151b. The third
part 263 includes a peripheral wall portion 263a and an
upper wall portion 263b. The lower end of the peripheral
wall portion 263a is connected to the second part 262.
The outer diameter of the peripheral wall portion 263a is
smaller than the outer diameter of the second part 262.
The upper wall portion 263b is connected to the upper
end of the peripheral wall portion 263a. The peripheral
wall portion 263a has a through hole and the upper wall
portion 263b has a through hole. Refrigerant in the re-
frigerant passage 151b (the first refrigerant passage 151
and the fourth refrigerant passage 154) flows through the
through holes of the third part 263, an inner space 260a
of the second joint member 260, and the second con-
necting hole 232 into the inner space of the receiver drier
body 210.

[0109] Theupperwall portion 263b of the third part 263
of the second joint member 260 holds the second end of
the coil spring 830 of the second check valve unit 800.
[0110] An example of a method for manufacturing the
valve device 5 is described below with reference to Fig.
33 and Fig. 34.

[0111] The valve body 100 is manufactured by forming
the openings, the refrigerant passages, the first through
hole 171, and the second through hole 172 ina workpiece
having the rectangular parallelepiped shape. Then, the
first check valve unit 700 and the second check valve
unit 800 are mounted in the valve body 100 (Fig. 33).
[0112] Thelid member 220 is manufactured by forming
the first connecting hole 231, the second connecting hole
232, the first screw hole 271, and the second screw hole
272 in a workpiece having the disc shape. The receiver
drier body 210 is manufactured by metal drawing. The
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desiccant, whichis notillustrated, is placed in the receiver
drier body 210, and the lid member 220 is then welded
to the upper end of the receiver drier body 210 (Fig. 33).
[0113] The first part 251 of the first joint member 250
is inserted into the first connecting hole 231 of the lid
member 220, and the second part 252 is inserted into
the first intermediate opening 131 (the refrigerant pas-
sage 153a) of the valve body 100. The first part 261 of
the second joint member 260 is inserted into the second
connecting hole 232 of the lid member 220, and the sec-
ond part 262 and the third part 263 are inserted into the
second intermediate opening 132 (the refrigerant pas-
sage 151b) of the valve body 100. The lid member 220
is brought into contact with the lower surface 106 of the
valve body 100. Consequently, the entire first joint mem-
ber 250 and the entire second joint member 260 are dis-
posed in the valve body 100 and in the lid member 220.
Bolts 7 are inserted into the first through hole 171 and
the second through hole 172 of the valve body 100 from
the upper surface 105 side. The bolts 7 are screwed into
the first screw hole 271 and the second screw hole 272,
and the valve body 100 and the lid member 220 are fas-
tened by the bolts 7 (Fig. 34).

[0114] The first on-off valve unit 300 is mounted on the
valve body 100 at the firstmounting hole 161. The second
on-off valve unit 400 is mounted on the valve body 100
at the second mounting hole 162. The third on-off valve
unit 500 is mounted on the valve body 100 at the third
mounting hole 163. The flow control valve unit 600 is
mounted on the valve body 100 at the fourth mounting
hole 164. This results in the completion of the valve de-
vice 5.

[0115] As illustrated in Fig. 1, the compressor 30 in-
cludes adischarge port connected to aninlet of the indoor
condenser 40 via a pipe P1. The compressor 30 sucks
and compresses refrigerant, and the compressor 30 dis-
charges refrigerant in a high-temperature and high-pres-
sure state. The indoor condenser 40 emits heat of refrig-
erant discharged by the compressor 30. The indoor con-
denser 40 heats air blown into the cabin of the vehicle.
The indoor condenser 40 includes an outlet connected
to the first indoor-side opening 111 of the valve device 5
via a pipe P2. In the indoor evaporator 50, heat exchange
occurs between refrigerant flowing in the indoor evapo-
rator 50 and air blown into the cabin of the vehicle. The
indoor evaporator 50 cools air blown into the cabin of the
vehicle. The indoor evaporator 50 includes an outlet con-
nected to the fourth indoor-side opening 114 via a pipe
P3. The indoor evaporator 50 includes aninlet connected
tothe second indoor-side opening 112 of the valve device
5 via a pipe P4. The flow control valve 70 is disposed in
the pipe P4. The flow control valve 70 can change the
passage area of the pipe P4 in a stepless manner. In the
outdoor heat exchanger 60, heat exchange occurs be-
tween refrigerant flowing in the outdoor heat exchanger
60 and air outside the outdoor heat exchanger 60. The
outdoor heat exchanger 60 includes an outlet connected
to the first outdoor-side opening 121 of the valve device
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5 via a pipe P5. The outdoor heat exchanger 60 includes
an inlet connected to the second outdoor-side opening
122 of the valve device 5 via a pipe P6. The third indoor-
side opening 113 of the valve device 5 is connected to a
suction port of the compressor 30 via a pipe P7. The
pipes P1 to P7 are refrigerant passages.

[0116] The air conditioning device 1 includes a control-
ler that is not illustrated. The controller controls the com-
pressor 30, the valve device 5 (the first on-off valve unit
300, the second on-off valve unit 400, the third on-off
valve unit 500, and the flow control valve unit 600), and
the flow control valve 70. The air conditioning device 1
includes the heating operation mode, the cooling opera-
tion mode, and the dehumidification heating operation
mode.

[0117] The heating operation mode, the cooling oper-
ation mode, and the dehumidification heating operation
mode are described with reference to Fig. 2 to Fig. 4 and
Fig. 35 to Fig. 38. In Fig. 2 to Fig. 4, the first on-off valve
unit 300, the second on-off valve unit 400, the third on-
off valve unit 500, the flow control valve unit 600, and the
flow control valve 70 are illustrated, with hatching used
to indicate a valve closing state for some of them.
[0118] In the heating operation mode, the controller of
the air conditioning device 1 opens the first refrigerant
passage 151 by using the first on-off valve unit 300 of
the valve device 5. The controller closes the first passage
part 152a of the second refrigerant passage 152 by using
the second on-off valve unit 400 of the valve device 5.
The controller opens the second passage part 152b of
the second refrigerant passage 152 and controls the pas-
sage area of the second passage part 152b into a size
capable of expanding refrigerant, by using the flow con-
trol valve unit 600 of the valve device 5. The controller
opens the sixth refrigerant passage 156 by using the third
on-off valve unit 500 of the valve device 5. The controller
closes the pipe P4 by using the flow control valve 70.
Then, the controller operates the compressor 30 to cir-
culate refrigerant. As illustrated in Fig. 2, in the heating
operation mode, refrigerant flows through the compres-
sor 30, the indoor condenser 40, the first refrigerant pas-
sage 151 (the first on-off valve unit 300), the receiver
drier 20, the third refrigerant passage 153 (the first check
valve unit 700), the second passage part 152b of the
second refrigerant passage 152 (the flow control valve
unit 600), the outdoor heat exchanger 60, and the sixth
refrigerant passage 156 (the third on-off valve unit 500)
in this sequence and then returns to the compressor 30.
The flow control valve unit 600 functions as a heating
expansion valve. Consequently, refrigerant expanded by
the flow control valve unit 600 flows into the outdoor heat
exchanger 60. In the heating operation mode, air is not
cooled by the indoor evaporator 50, but is rather heated
by the indoor condenser 40, and is then blown into the
cabin of the vehicle.

[0119] As illustrated in Fig. 35 and Fig. 36, in the heat-
ing operation mode, refrigerant RF1 flowing through the
first refrigerant passage 151 includes high-temperature
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gas and liquid (high-temperature fluid that exists in both
gas and liquid phases). Refrigerant RF3 flowing through
the third refrigerant passage 153 is a medium-tempera-
ture liquid with a lower temperature than refrigerant RF1.
Refrigerant RF2 flowing through the second passage part
152b ofthe second refrigerant passage 152 includes low-
temperature gas and liquid (low-temperature fluid that
exists in both gas and liquid phases) with a lower tem-
perature than refrigerant RF3. Refrigerant RF6 flowing
through the sixth refrigerant passage 156 is a low-tem-
perature gas with a lower temperature than refrigerant
RF3. That is, in the heating operation mode, the first re-
frigerant passage 151 serves as a high-temperature re-
frigerant passage, the third refrigerant passage 153
serves as a medium-temperature refrigerant passage,
and the sixth refrigerant passage 156 serves as a low-
temperature refrigerant passage. Refrigerant RF3 with a
medium temperature flows into the flow control valve unit
600 that serves as the heating expansion valve. There-
fore, refrigerant RF6 with a low temperature flowing
through the sixth refrigerant passage 156 can suppress
the temperature of the valve body 100 from increasing.
Consequently, the heating of refrigerant RF 3 with the me-
dium temperature by refrigerant RF1 with a high temper-
ature through the valve body 100 can be inhibited. Addi-
tionally, minimum distance D1 between the third refrig-
erant passage 153 and the sixth refrigerant passage 156
is shorter than minimum distance D2 between the third
refrigerant passage 153 and the first refrigerant passage
151. Therefore, refrigerant RF6 with the low temperature
flows closer to refrigerant RF3 with the medium temper-
ature than refrigerant RF1 with the high temperature.
Consequently, the heating of refrigerant RF 3 with the me-
dium temperature by refrigerant RF1 with the high tem-
perature through the valve body 100 can be more effec-
tively inhibited. As a result, the heating efficiency of the
air conditioning device 1 can be increased, and noise
caused when refrigerant RF3 with the medium temper-
ature flows through the flow control valve unit 600 can
be reduced. Refrigerant RF6 with the low temperature is
heated due to heat absorption from the valve body 100.
As a result, the compressor 30 can efficiently bring re-
frigerant RF6 with the low temperature into a high-tem-
perature and high-pressure state.

[0120] In the cooling operation mode, the controller of
the air conditioning device 1 closes the first refrigerant
passage 151 by using the first on-off valve unit 300 of
the valve device 5. The controller opens the first passage
part 152a of the second refrigerant passage 152 by using
the second on-off valve unit 400 of the valve device 5.
The controller opens the second passage part 152b of
the second refrigerant passage 152 and maximizes the
passage area (the fully open state) of the second pas-
sage part 152b, by using the flow control valve unit 600
of the valve device 5. The controller closes the sixth re-
frigerant passage 156 by using the third on-off valve unit
500 of the valve device 5. The controller opens the pipe
P4 and controls the passage area of the pipe P4 into a



27 EP 4 414 590 A1 28

size capable of expanding refrigerant, by using the flow
control valve 70. In the cooling operation mode, itis nec-
essary to control the passage area of the second passage
part 152b into a size that inhibits expansion of refrigerant.
Then, the controller operates the compressor 30 to cir-
culate refrigerant. As illustrated in Fig. 3, in the cooling
operation mode, refrigerant flows through the compres-
sor 30, the indoor condenser 40, the second refrigerant
passage 152 (the second on-off valve unit 400 and the
flow control valve unit 600), the outdoor heat exchanger
60, the fourth refrigerant passage 154 (the second check
valve unit 800), the receiver drier 20, the fifth refrigerant
passage 155, the flow control valve 70, the indoor evap-
orator 50, and the seventh refrigerant passage 157 in
this sequence and then returns to the compressor 30.
The flow control valve 70 functions as a cooling expan-
sion valve. Consequently, refrigerant expanded by the
flow control valve 70 flows into the indoor evaporator 50.
In the cooling operation mode, air is cooled by the indoor
evaporator 50 and is then blown into the cabin of the
vehicle.

[0121] As illustrated in Fig. 37 and Fig. 38, in the cool-
ing operation mode, refrigerant RF2 flowing through the
second refrigerant passage 152 is a high-temperature
gas. Refrigerant RF4 flowing through the fourth refriger-
ant passage 154 includes high-temperature gas and lig-
uid. Refrigerant RF5 flowing through the fifth refrigerant
passage 155 is a medium-temperature liquid with alower
temperature than refrigerant RF2 and refrigerant RF4.
Refrigerant RF7 flowing through the seventh refrigerant
passage 157 is a low-temperature gas with a lower tem-
perature than refrigerant RF5. That is, in the cooling op-
eration mode, the second refrigerant passage 152 and
the fourth refrigerant passage 154 each serve as a high-
temperature refrigerant passage, the fifth refrigerant pas-
sage 155 serves as a medium-temperature refrigerant
passage, and the seventh refrigerant passage 157
serves as alow-temperature refrigerant passage. Refrig-
erant RF5 with a medium temperature flows into the flow
control valve 70 that serves as the cooling expansion
valve. Therefore, refrigerant RF7 with a low temperature
flowing through the seventh refrigerant passage 157 can
suppress the temperature of the valve body 100 from
increasing. Consequently, the heating of refrigerant RF5
with the medium temperature by refrigerant RF2 with a
high temperature and refrigerant RF4 with a high tem-
perature through the valve body 100 can be inhibited.
Additionally, minimum distance D1 between the fifth re-
frigerant passage 155 and the seventh refrigerant pas-
sage 157 is shorter than minimum distance D3 between
the fifth refrigerant passage 155 and the fourth refrigerant
passage 154. Therefore, refrigerant RF7 with the low
temperature flows closer to refrigerant RF5 with the me-
dium temperature than refrigerant RF4 with the high tem-
perature. Consequently, the heating of refrigerant RF5
with the medium temperature by refrigerant RF4 with the
high temperature through the valve body 100 can be
more effectively inhibited. As a result, the cooling effi-
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ciency of the air conditioning device 1 can be increased,
and noise caused when refrigerant RF5 with the medium
temperature flows through the flow control valve 70 can
be reduced. Refrigerant RF7 with the low temperature is
heated due to heat absorption from the valve body 100.
As a result, the compressor 30 can efficiently bring re-
frigerant RF7 with the low temperature into a high-tem-
perature and high-pressure state.

[0122] Inthe dehumidification heating operation mode,
the controller of the air conditioning device 1 opens the
first refrigerant passage 151 by using the first on-off valve
unit 300 of the valve device 5. The controller closes the
first passage part 152a of the second refrigerant passage
152 by using the second on-off valve unit 400 of the valve
device 5. The controller opens the second passage part
152b of the second refrigerant passage 152 and controls
the passage area of the second passage part 152b into
a size capable of expanding refrigerant, by using the flow
control valve unit 600 of the valve device 5. The controller
opens the sixth refrigerant passage 156 by using the third
on-off valve unit 500 of the valve device 5. The controller
opens the pipe P4 and controls the passage area of the
pipe P4 into a size capable of expanding refrigerant by
using the flow control valve 70. Then, the controller op-
erates the compressor 30 to circulate refrigerant. As il-
lustrated in Fig. 4, in the dehumidification heating oper-
ation mode, refrigerant flows through the compressor 30,
the indoor condenser 40, the first refrigerant passage
151 (the first on-off valve unit 300), the receiver drier 20,
the third refrigerant passage 153 (the first check valve
unit 700), the second passage part 152b of the second
refrigerant passage 152 (the flow control valve unit 600),
the outdoor heat exchanger 60, and the sixth refrigerant
passage 156 (the third on-off valve unit 500) in this se-
quence and then returns to the compressor 30. Addition-
ally, a part of refrigerant flows from the receiver drier 20
through the fifth refrigerant passage 155, the flow control
valve 70, the indoor evaporator 50, and the seventh re-
frigerant passage 157 and thenreturns to the compressor
30. Consequently, refrigerant expanded by the flow con-
trol valve unit 600 flows into the outdoor heat exchanger
60, and refrigerant expanded by the flow control valve
70 flows into the indoor evaporator 50. In the dehumidi-
fication heating operation mode, air is cooled (dehumid-
ified) by the indoor evaporator 50, is heated by the indoor
condenser 40, and is then blown into the cabin of the
vehicle.

[0123] Inthe dehumidification heating operation mode,
refrigerant RF1 flowing through the first refrigerant pas-
sage 151 includes high-temperature gas and liquid. Re-
frigerant RF3 flowing through the third refrigerant pas-
sage 153 is a medium-temperature liquid with a lower
temperature than refrigerant RF1. Refrigerant RF2 flow-
ing through the second passage part 152b of the second
refrigerant passage 152 includes low-temperature gas
and liquid with a lower temperature than refrigerant RF3.
Refrigerant RF6 flowing through the sixth refrigerant pas-
sage 156 is a low-temperature gas with a lower temper-
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ature than refrigerant RF3. Refrigerant RF5 flowing
through the fifth refrigerant passage 155 is a medium-
temperature liquid with a lower temperature than refrig-
erant RF1. Refrigerant RF7 flowing through the seventh
refrigerant passage 157 is a low-temperature gas with a
lower temperature than refrigerant RF5. That is, in the
dehumidification heating operation mode, the first refrig-
erant passage 151 serves as a high-temperature refrig-
erant passage, the third refrigerant passage 153 and the
fifth refrigerant passage 155 each serve as a medium-
temperature refrigerant passage, and the sixth refriger-
ant passage 156 and the seventh refrigerant passage
157 each serve as a low-temperature refrigerant pas-
sage. Therefore, refrigerant RF6 with a low temperature
and refrigerant RF7 with a low temperature can suppress
the temperature of the valve body 100 from increasing.
Consequently, the heating of refrigerant RF3 with a me-
dium temperature and refrigerant RF5 with a medium
temperature by refrigerant RF1 with a high temperature
through the valve body 100 can be inhibited. As a result,
the dehumidification heating efficiency of the air condi-
tioning device 1 can be increased. Furthermore, noise
caused when refrigerant RF3 with the medium temper-
ature flows through the flow control valve unit 600 can
be reduced, and also noise caused when refrigerant RF5
with the medium temperature flows through the flow con-
trol valve 70 can be reduced.

[0124] The valve device 5 according to the embodi-
ment includes the valve body 100 including the refriger-
ant passages and the valve units mounted on or in the
valve body 100. This enables refrigerant leakage at con-
necting points of refrigerant passages and connecting
points of the refrigerant passages and the valve units to
be suppressed while reducing the number of connecting
components.

[0125] In the valve device 5, the refrigerant passages
of the valve body 100 include a high-temperature refrig-
erant passage through which high-temperature refriger-
ant flows, a medium-temperature refrigerant passage
through which medium-temperature refrigerant with a
lower temperature than the high-temperature refrigerant
flows, and a low-temperature refrigerant passage
through which low-temperature refrigerant with a lower
temperature than the medium-temperature refrigerant
flows. Therefore, low-temperature refrigerant flowing
through the low-temperature refrigerant passage can
suppress the temperature of the valve body 100 from
increasing. Consequently, the heating of medium-tem-
perature refrigerant by high-temperature refrigerant
through the valve body 100 can be inhibited in the valve
device 5. As aresult, refrigerant leakage and a reduction
in the cooling and heating efficiency can be suppressed.
[0126] Thevalve device 5is used inthe air conditioning
device 1. The air conditioning device 1 includes the com-
pressor 30, the indoor condenser 40 arranged down-
stream of the compressor 30, the outdoor heat exchanger
60, the flow control valve 70, and the indoor evaporator
50 arranged downstream of the flow control valve 70.
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The valve device 5 includes the receiver drier 20.

[0127] The outer surface of the valve body 100 has the
first indoor-side opening 111, the second indoor-side
opening 112, the third indoor-side opening 113, the fourth
indoor-side opening 114, the first outdoor-side opening
121, the second outdoor-side opening 122, the first in-
termediate opening 131, and the second intermediate
opening 132. The refrigerant passages include the first
refrigerant passage 151 connecting the first indoor-side
opening 111 and the second intermediate opening 132,
the second refrigerant passage 152 connecting the first
indoor-side opening 111 and the second outdoor-side
opening 122, the third refrigerant passage 153 connect-
ing the first intermediate opening 131 and the second
refrigerant passage 152, the fourth refrigerant passage
154 connecting the first outdoor-side opening 121 and
the second intermediate opening 132, the fifth refrigerant
passage 155 connecting the first intermediate opening
131 and the second indoor-side opening 112, the sixth
refrigerant passage 156 connecting the first outdoor-side
opening 121 and the third indoor-side opening 113, and
the seventh refrigerant passage 157 connecting the
fourth indoor-side opening 114 and the third indoor-side
opening 113. The second refrigerant passage 152 in-
cludes the first passage part 152a between the first in-
door-side opening 111 and the connecting point 152c¢ to
which the third refrigerant passage 153 is connected, and
the second passage part 152b between the second out-
door-side opening 122 and the connecting point 152c.
The valve units include the first on-off valve unit 300 con-
figured to open and close the first refrigerant passage
151, the second on-off valve unit 400 configured to open
and close the first passage part 152a of the second re-
frigerant passage 152, the third on-off valve unit 500 con-
figured to open and close the sixth refrigerant passage
156, the flow control valve unit 600 configured to change,
in the stepless manner, the passage area of the second
passage part 152b of the second refrigerant passage
152, the first check valve unit 700 that allows refrigerant
to flow in the third refrigerant passage 153 from the first
intermediate opening 131 to the second refrigerant pas-
sage 152 and restricts refrigerant from flowing in the third
refrigerant passage 153 from the second refrigerant pas-
sage 152 to the first intermediate opening 131, and the
second check valve unit 800 that allows refrigerant to
flow in the fourth refrigerant passage 154 from the first
outdoor-side opening 121 to the second intermediate
opening 132 and restricts refrigerant from flowing in the
fourth refrigerant passage 154 from the second interme-
diate opening 132 to the first outdoor-side opening 121.
The firstindoor-side opening 111 is connected to the out-
let of the indoor condenser 40. The second indoor-side
opening 112 is connected to the flow control valve 70.
The third indoor-side opening 113 is connected to the
suction port of the compressor 30. The fourth indoor-side
opening 114 is connected to the outlet of the indoor evap-
orator 50. The first outdoor-side opening 121 is connect-
ed to the outlet of the outdoor heat exchanger 60. The
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second outdoor-side opening 122 is connected to the
inlet of the outdoor heat exchanger 60. The first interme-
diate opening 131 is connected to the first connecting
hole 231 that serves as an outlet of the receiver drier 20.
The second intermediate opening 132 is connected to
the second connecting hole 232 that serves as an inlet
of the receiver drier 20.

[0128] In the heating operation mode, the first refrig-
erant passage 151 serves as the high-temperature re-
frigerant passage, the third refrigerant passage 153
serves as the medium-temperature refrigerant passage,
and the sixth refrigerant passage 156 serves as the low-
temperature refrigerant passage. In the cooling operation
mode, the second refrigerant passage 152 and the fourth
refrigerant passage 154 each serve as the high-temper-
ature refrigerant passage, the fifth refrigerant passage
155 serves as the medium-temperature refrigerant pas-
sage, and the seventh refrigerant passage 157 serves
as the low-temperature refrigerant passage. In the heat-
ing operation mode, the first on-off valve unit 300 opens
the first refrigerant passage 151, the second on-off valve
unit 400 closes the first passage part 152a, the flow con-
trol valve unit 600 opens the second passage part 152b
and controls the passage area of the second passage
part 152b into a size capable of expanding refrigerant,
the third on-off valve unit 500 opens the sixth refrigerant
passage 156, and the flow control valve 70 closes the
pipe P4 connecting the second indoor-side opening 112
and the inlet of the indoor evaporator 50. In the cooling
operation mode, the first on-off valve unit 300 closes the
firstrefrigerant passage 151, the second on-off valve unit
400 opens the first passage part 152a, the flow control
valve unit 600 opens the second passage part 152b and
maximizes the passage area of the second passage part
152b, the third on-off valve unit 500 closes the sixth re-
frigerant passage 156, and the flow control valve 70
opens the pipe P4 and controls the passage area of the
pipe P4 into a size capable of expanding refrigerant. With
this configuration, in the heating operation mode, low-
temperature refrigerant flowing through the sixth refrig-
erant passage 156 can suppress the temperature of the
valve body 100 from increasing. In the cooling operation
mode, low-temperature refrigerant flowing through the
seventh refrigerant passage 157 can suppress the tem-
perature of the valve body 100 from increasing. As a re-
sult, a reduction in the cooling and heating efficiency can
be suppressed.

[0129] The third indoor-side opening 113 is adjacent
to the second indoor-side opening 112. In the cooling
operation mode, the third indoor-side opening 113 is an
outlet of the seventh refrigerant passage 157 that serves
as the low-temperature refrigerant passage, and the sec-
ond indoor-side opening 112 is an outlet of the fifth re-
frigerant passage 155 that serves as the medium-tem-
perature refrigerant passage. Therefore, the seventh re-
frigerant passage 157 is disposed close to the fifth refrig-
erant passage 155. Consequently, medium-temperature
refrigerant flowing through the fifth refrigerant passage
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155 can be cooled by low-temperature refrigerant flowing
through the seventh refrigerant passage 157.

[0130] The third indoor-side opening 113 is between
the second outdoor-side opening 122 and the second
indoor-side opening 112. In the cooling operation mode,
the third indoor-side opening 113 is the outlet of the sev-
enth refrigerant passage 157 that serves as the low-tem-
perature refrigerant passage, the second outdoor-side
opening 122 is an outlet of the second refrigerant pas-
sage 152 that serves as the high-temperature refrigerant
passage, and the second indoor-side opening 112 is the
outlet of the fifth refrigerant passage 155 that serves as
the medium-temperature refrigerant passage. There-
fore, the seventh refrigerant passage 157 is disposed
between the second refrigerant passage 152 and the fifth
refrigerant passage 155. Consequently, the heating of
medium-temperature refrigerant flowing through the fifth
refrigerant passage 155 by high-temperature refrigerant
flowing through the second refrigerant passage 152 can
be more effectively inhibited.

[0131] The valve device 5 includes the valve module
10 and the receiver drier 20. The valve module 10 in-
cludes the valve body 100 including the refrigerant pas-
sages and the valve units mounted on or in the valve
body 100. The receiver drier 20 includes the receiver
drier body 210 having the cylindrical shape and config-
ured to store refrigerant and the lid member 220 bonded
to the upper end of the receiver drier body 210. The lid
member 220 is in contact with the valve body 100. With
this configuration, the receiver drier 20 is positioned clos-
est to the valve module 10. This enables the size of the
valve device 5 to be reduced.

[0132] Thelid member 220 has the first screw hole 271
and the second screw hole 272. The valve body 100 has
the first through hole 171 formed to correspond to the
first screw hole 271 and the second through hole 172
formed to correspond to the second screw hole 272. The
lid member 220 is mounted on the valve body 100 by the
bolt 7 extending through the first through hole 171 and
screwed into the first screw hole and the bolt 7 extending
through the second through hole 172 and screwed into
the second screw hole 272. With this configuration, the
lid member 220 of the receiver drier 20 can be mounted
securely on the valve body 100 in a comparatively simple
structure.

[0133] Fig. 39 and Fig. 40 illustrate examples of mod-
ifications of the valve module 10 of the valve device 5.
[0134] A valve module 10 in Fig. 39 includes a refrig-
erant passage 156a that is shared by a sixth refrigerant
passage 156 and a seventh refrigerant passage 157, and
grooves 191 are formed in the refrigerant passage 156a.
The grooves 191 extend in the inner peripheral direction
oftherefrigerant passage 156a and have a circular shape
or a C shape. The existence of the grooves 191 increases
the area of the inner surface of the refrigerant passage
156a. Therefore, the grooves 191 facilitate heat ex-
change between low-temperature refrigerant flowing
through the refrigerant passage 156a and a valve body
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100, which more effectively suppresses the temperature
of the valve body 100 from increasing.

[0135] A valve module 10 in Fig. 40 includes a refrig-
erant passage 156a in which a heat exchange member
192 is provided. The heat exchange member 192 has a
circular cylindrical shape. The outer peripheral surface
of the heat exchange member 192 is in close contact with
the inner surface of the refrigerant passage 156a. Re-
frigerant flows inside the heat exchange member 192.
The heat exchange member 192 is made of, forexample,
copper. The heat exchange member 192 has a higher
thermal conductivity than a valve body 100 made of an
aluminum alloy. Therefore, the heat exchange member
192 facilitates heat exchange between low-temperature
refrigerant flowing through the refrigerant passage 156a
and the valve body 100, which more effectively suppress-
esthe temperature of the valve body 100 from increasing.
The grooves 191 serve as a heat exchange mechanism,
and the heat exchange member 192 also serves as a
heat exchange mechanism.

[0136] In the valve device 5 according to the embodi-
ment, the positions of the openings (the first indoor-side
opening 111, the second indoor-side opening 112, the
third indoor-side opening 113, the fourth indoor-side
opening 114, the first outdoor-side opening 121, and the
second outdoor-side opening 122) on the outer surface
of the valve body 100 are decided to minimize the size
(volume) of the valve device 5. Appropriate change of
the positions of the openings and piping layout may re-
duce the size of and the space occupied by the air con-
ditioning device 1.

[0137] The valve device 5 described above has a con-
figuration in which each valve unit is controlled by the
controller of the system in which the valve device 5 is
installed. Another configuration in which, for example,
the valve device 5 includes a control unit may be em-
ployed. In this configuration, the control unit receives all
signals from the system and centrally controls the valve
units.

[0138] Additionally, the first on-off valve unit 300 of the
valve device 5 described above is the pilot-operated on-
off valve unit that is operated by electromagnetic force
and requires energization to maintain the valve opening
state where the first valve port 312 is open. The second
on-off valve unit 400 is the pilot-operated on-off valve
unit that is operated by electromagnetic force and re-
quires energization to maintain the valve closing state
where the second valve port 412 is closed. The third on-
off valve unit 500 has the same (substantially the same)
configuration as that of the second on-off valve unit 400.
Instead of these on-off valve units, the valve device 5
may employ latching on-off valve units with a configura-
tionin which the valve opening state and the valve closing
state are maintained even when not energized.

[0139] In this specification, terms indicating shapes,
such as "circular cylindrical" and "circular columnar”, are
also used for members and portions of the members sub-
stantially having the shapes indicated by the terms. For
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example, "a circular cylindrical member" includes a cir-
cular cylindrical member and a substantially circular cy-
lindrical member.

[0140] The embodiment of the presentinvention is de-
scribed above. The present invention, however, is not
limited to the embodiment. Embodiments obtained by a
person skilled in the art appropriately adding, removing,
or modifying components according to the embodiment
described above, and an embodiment obtained by ap-
propriately combining features of the embodiment are
included in the scope of the present invention without
departing from the spirit of the present invention.

Reference Signs List

[0141] 1 ... air conditioning device, 5 ... valve device,
7 ... bolt, 10 ... valve module, 20 ... receiver drier, 30 ...
compressor, 40 ... indoor condenser, 50 ... indoor evap-
orator, 60 ... outdoor heat exchanger, 70 ... flow control
valve, 100 ... valve body, 111 ... firstindoor-side opening,
112 ... second indoor-side opening, 113 ... third indoor-
side opening, 114 ... fourth indoor-side opening, 121 ...
first outdoor-side opening, 122 ... second outdoor-side
opening, 131 ... firstintermediate opening, 132 ... second
intermediate opening, 151 ... first refrigerant passage,
151a ... refrigerant passage, 151b ... refrigerant pas-
sage, 152 ... second refrigerant passage, 152a ... first
passage part, 152b ... second passage part, 152c¢ ... con-
necting point, 153 ... third refrigerant passage, 153a ...
refrigerant passage, 154 ... fourth refrigerant passage,
154a ... refrigerant passage, 155 ... fifth refrigerant pas-
sage, 156 ... sixth refrigerant passage, 156a ... refriger-
ant passage, 157 ... seventh refrigerant passage, 161 ...
first mounting hole, 162 ... second mounting hole, 163 ...
third mounting hole, 164 ... fourth mounting hole, 171 ...
first through hole, 172 ... second through hole, 191 ...
groove, 192 ... heat exchange member, 210 ... receiver
drier body, 220 ... lid member, 231 ... first connecting
hole, 232 ... second connecting hole, 271 ... first screw
hole, 272 ... second screw hole, 250 ... firstjoint member,
250a ... inner space, 251 ... first part, 252 ... second part,
260 ... second joint member, 261 ... first part, 262 ... sec-
ond part, 263 ... third part, 263a ... peripheral wall portion,
263b ... upper wall portion, 300 ... first on-off valve unit,
311 ... first valve chamber, 312 ... first valve port, 313 ...
first valve seat, 314 ... back-pressure chamber, 320 ...
main valve member, 325 ... pilot passage, 326 ... pres-
sure equalizing passage, 330 ... valve-member driving
section, 331 ... holder, 332 ... case, 333 ... plunger,
333a ... spring housing hole, 333b ... bottom surface,
334 ... electromagnetic coil, 335 ... pilot valve member,
336 ... fixed core, 336a ... spring receiving member,
337 ... valve opening spring, 338 ... plunger spring,
400 ... second on-off valve unit, 411 ... second valve
chamber, 412 ... second valve port, 413 ... second valve
seat, 414 ... back-pressure chamber, 420 ... main valve
member, 421 ... body portion, 422 ... first flange portion,
423 ... second flange portion, 425 ... pilot passage,
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426 ... pressure equalizing passage, 430 ... valve-mem-
ber driving section, 431 ... fixed core, 431a ... large-di-
ameter cylindrical portion, 431b ... small-diameter cylin-
drical portion, 432 ... case, 433 ... plunger, 434 ... elec-
tromagnetic coil, 435 ... pilot valve member, 436 ... valve
shaft, 437 ... valve opening spring, 438 ... plunger spring,
500 ... third on-off valve unit, 511 ... third valve chamber,
512 ... third valve port, 513 ... third valve seat, 520 ...
main valve member, 525 ... pilot passage, 526 ... pres-
sure equalizing passage, 530 ... valve-member driving
section, 600 ... flow control valve unit, 611 ... fourth valve
chamber, 612 ... fourth valve port, 613 ... fourth valve
seat, 620 ... valve member, 621 ... stem, 622 ... valve
portion, 623 ... spring receiving portion, 623a ... flange,
624 ... ball receiving portion, 630 ... valve-member driv-
ing section, 640 ... holder, 642 ... driving-shaft supporting
member, 642c ... internal thread, 644 ... valve-member
supporting member, 644a ... valve-member supporting
hole, 646 ... valve opening spring, 650 ... can, 651 ... an-
nular member, 660 ... rotor, 662 ... connecting member,
663 ... rotor shaft, 670 ... planetary gear mechanism,
671 ... fixed ring gear, 672 ... sun gear, 673 ... planetary
gear, 674 ... carrier, 675 ... output gear, 676 ... output
shaft, 676a ... slit, 682 ... driving shaft, 682a ... circular
columnar portion, 682b ... flat plate portion, 682c ... ex-
ternal thread, 684 ... ball, 690 ... stator unit, 691 ... stator,
700 ... first check valve unit, 713 ... valve seat, 720 ...
valve member, 721 ... valve portion, 730 ... coil spring,
740 ... holding member, 800 ... second check valve unit,
813 ... valve seat, 820 ... valve member, 821 ... valve por-
tion, 830 ... coil spring, P1 to P7 ... pipe

Claims

1. A valve device used in a refrigeration cycle device
comprising:

avalve body including refrigerant passages; and
valve units mounted on or in the valve body,
wherein the refrigerant passagesinclude a high-
temperature refrigerant passage through which
high-temperature refrigerant flows, a medium-
temperature refrigerant passage through which
medium-temperature refrigerant with a lower
temperature than the high-temperature refriger-
ant flows, and a low-temperature refrigerant
passage through which low-temperature refrig-
erant with alower temperature than the medium-
temperature refrigerant flows.

2. The valve device according to Claim 1, wherein an
outlet of the low-temperature refrigerant passage is
adjacent to an outlet of the medium-temperature re-
frigerant passage.

3. The valve device according to Claim 1 or Claim 2,
wherein an outlet of the low-temperature refrigerant
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passage is between an outlet of the medium-tem-
perature refrigerant passage and an outlet of the
high-temperature refrigerant passage.

4. The valve device according to any one of Claim 1 to
Claim 3, wherein a minimum distance between the
low-temperature refrigerant passage and the medi-
um-temperature refrigerant passage is shorter than
a minimum distance between the high-temperature
refrigerant passage and the medium-temperature
refrigerant passage.

5. The valve device according to any one of Claim 1 to
Claim 4, wherein a heat exchange mechanism facil-
itating heat exchange between refrigerant flowing
through the low-temperature refrigerant passage
and the valve body is provided in the low-tempera-
ture refrigerant passage.

6. The valve device according to Claim 5, wherein the
heat exchange mechanism includes grooves formed
on an inner surface of the low-temperature refriger-
ant passage.

7. The valve device according to Claim 5,

wherein the heat exchange mechanismincludes
a heat exchange member having a cylindrical
shape,

wherein an outer peripheral surface of the heat
exchange member is in close contact with an
inner surface of the low-temperature refrigerant
passage, and refrigerant flows inside the heat
exchange member, and

wherein the heat exchange member has a high-
er thermal conductivity than the valve body.

8. The valve device according to any one of Claim 1 to
Claim 7,

wherein the refrigeration cycle device includes
a compressor and an indoor condenser ar-
ranged downstream of the compressor,
wherein the high-temperature refrigerant pas-
sage is connected to an outlet of the indoor con-
denser, and

wherein the low-temperature refrigerant pas-
sage is connected to a suction port of the com-
pressor.

9. The valve device according to Claim 8,
wherein the refrigeration cycle device or the
valve device includes an expansion valve, and
wherein the medium-temperature refrigerant

passage is connected to the expansion valve.

10. The valve device according to Claim 1,
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wherein the valve body includes an outer sur-
face having afirstindoor-side opening, a second
indoor-side opening, a third indoor-side open-
ing, afourth indoor-side opening, a first outdoor-
side opening, a second outdoor-side opening, a
first intermediate opening, and a second inter-
mediate opening,

wherein the refrigerant passages include a first
refrigerant passage connecting the first indoor-
side opening and the second intermediate open-
ing, a second refrigerant passage connecting
the firstindoor-side opening and the second out-
door-side opening, a third refrigerant passage
connecting the first intermediate opening and
the second refrigerant passage, a fourth refrig-
erant passage connecting the first outdoor-side
opening and the second intermediate opening,
a fifth refrigerant passage connecting the first
intermediate opening and the second indoor-
side opening, a sixth refrigerant passage con-
necting the first outdoor-side opening and the
third indoor-side opening, and a seventh refrig-
erant passage connecting the fourth indoor-side
opening and the third indoor-side opening,
wherein the second refrigerant passage in-
cludes a first passage part between the first in-
door-side opening and a connecting point to
which the third refrigerant passage is connect-
ed, and a second passage partbetween the sec-
ond outdoor-side opening and the connecting
point,

wherein the valve units include a first on-off
valve unit configured to open and close the first
refrigerant passage, a second on-off valve unit
configured to open and close the first passage
part of the second refrigerant passage, a third
on-off valve unit configured to open and close
the sixth refrigerant passage, a flow control
valve unit configured to change, in a stepless
manner, a passage area of the second passage
part of the second refrigerant passage, a first
check valve unit that allows refrigerant to flow in
the third refrigerant passage from the first inter-
mediate opening to the second refrigerant pas-
sage and restricts refrigerant from flowing in the
third refrigerant passage from the second refrig-
erant passage to the first intermediate opening,
and a second check valve unit that allows refrig-
erant to flow in the fourth refrigerant passage
from the first outdoor-side opening to the second
intermediate opening and restricts refrigerant
from flowing in the fourth refrigerant passage
from the second intermediate opening to the first
outdoor-side opening,

wherein, in a heating operation mode, the first
refrigerant passage serves as the high-temper-
ature refrigerant passage, the third refrigerant
passage serves as the medium-temperature re-
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1.

12.

13.

frigerant passage, and the sixth refrigerant pas-
sage serves as the low-temperature refrigerant
passage,

wherein, in a cooling operation mode, the sec-
ond refrigerant passage and the fourth refriger-
ant passage each serve as the high-tempera-
ture refrigerant passage, the fifth refrigerant
passage serves as the medium-temperature re-
frigerant passage, and the seventh refrigerant
passage serves as the low-temperature refrig-
erant passage,

wherein, in the heating operation mode, the first
on-off valve unit opens the first refrigerant pas-
sage, the second on-off valve unit closes the
first passage part, the flow control valve unit
opens the second passage part and controls the
passage area of the second passage part into
a size capable of expanding refrigerant, and the
third on-off valve unit opens the sixth refrigerant
passage, and

wherein, in the cooling operation mode, the first
on-off valve unit closes the first refrigerant pas-
sage, the second on-off valve unit opens the first
passage part, the flow control valve unit opens
the second passage part and controls the pas-
sage area of the second passage partinto a size
that inhibits expansion of refrigerant, and the
third on-off valve unit closes the sixth refrigerant
passage.

The valve device according to Claim 10, wherein the
third indoor-side opening is adjacent to the second
indoor-side opening.

The valve device according to Claim 10 or Claim 11,
wherein the third indoor-side opening is between the
second outdoor-side opening and the second in-
door-side opening.

The valve device according to any one of Claim 10
to Claim 12,

wherein the refrigeration cycle device includes
a compressor, an indoor condenser arranged
downstream of the compressor, an outdoor heat
exchanger, a flow control valve, and an indoor
evaporator arranged downstream of the flow
control valve,

wherein the valve device includes a receiver dri-
er,

wherein the firstindoor-side opening is connect-
ed to an outlet of the indoor condenser,
wherein the second indoor-side opening is con-
nected to the flow control valve,

wherein the third indoor-side opening is con-
nected to a suction port of the compressor,
wherein the fourth indoor-side opening is con-
nected to an outlet of the indoor evaporator,
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wherein the first outdoor-side opening is con-
nected to an outlet of the outdoor heat exchang-
er,

wherein the second outdoor-side opening is
connected to an inlet of the outdoor heat ex-
changer,

wherein the first intermediate opening is con-
nected to an outlet of the receiver drier, and
wherein the second intermediate opening is
connected to an inlet of the receiver drier.
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